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ADVERTISEMENT TO NEW EDITION 

OF PART I. 



This edition differs from the preceding ones, simply in 
containing the application of the four elementary rules to 
decimals; the object being to teach even young pupils the 
advantages of decimals over all other calculations, and so 
prepai'e them to appreciate the benefits of a decimalized system 
of money, weights, and measures. 



ARITHMETIC. 



NOTATION AND NUMERATION. 

1. When several things of the same kind are placed 
before the eye^ even of a child, and a person either takes 
some of them away> or puts some more to them^ the child 
perceives that there has taken plcu^e an alteration^ — but not 
in the kind of the articles. Hence he first gets his idea of 
number, and asks the question. How many things ? 

Or, if he divides a heap of marbles among his com- 
panions, giving two to each till the heap is all gone, the 
question comes into his mind — How many times round can 

Igo? 

Now the science which will enable him to answer the 
questions of How many things ? and How many times P is 
Arithmetic. 

His ideas of numbers are as yet expressed only in words ; 
but he afterwards learns that these numbers can be written 
shorter in figures. Now the art of changing these words 
into figures which have the same meaning is called 
Notation, and that of readkig figures in their proper 
words is called Numeration. 



2 NOTATION AND NUMERATION. 

The following are the figures or digits nsed in Arith- 
metic^ and by means of which all numbers whatever may 
be expressed. 



(A) 



0, 


and it is 


thus read 


in words, 


Nought or cipher, 


1, 


99 




» 


One, 


2, 


tf 




» 


Two, 


3, 


» 


» 


)> 


Three, 


4, 


» 




» 


Four, 


5, 


» 




» 


Five, 


6, 


W 




» 


Six, 


7, 


M 




99 


Seven, 


8, 


» 




99 


Eight, 


9, 


» 




99 


Nine, 



being altogether Ten in number. * 

2. The reason why there should be used only ten 
different figures is, because there are ten fingers on the 
hand ; and these have been early used for counting : thus, 
beginning with the thumb of one hand, and going through 
both hands, a boy finds that he can count up to ten ; but 
when he comes to the last or tenth finger, and he wishes 
to count any more, he must make some mark or note to 
shew that he has been once round. This is done by taking 
the figure 1, and placing a at its right hand, writing it 
thus, 10, where the figure 1 which formerly stood for one 
only, now stands' for one round of the fingers, or one ten, 
which we call Ten. 

If now I begin to go over the hands again, and thus 
make two rounds, or two tens, which are called Twenty, I 
ought to write a figure 2, where I before had 1, and write 
20: If I take 3 rounds, or 3 tens, I must write 3 instead » 
of 2, and say 30, or Thirty : So also 

4 rounds give 4 tens, or 40, called Forty. 

5 rounds give 5 tens, or 00, cal]^ F\fiy. 



* The numbers 1, 3, 5, 7, &c., are called odd, and 2, 4, 6, 8, &c., are called even 
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(B) 6 rounds give 6 tens, or 00, called Sixty. 

7 rounds give 7 tens, or 70, called Seventy. 

8 rounds give 8 tens, or 80, called Eighty. 

9 rounds give 9 tens, or 90, called Ninety. 

10 rounds give lO^ens, or 100, which has now a new name, 
called a hundred, or One Hundred, 



I. 1. Write down in figures. Forty, Seventy, Sixty, Thirty, Ninety, 
Twenty, Fifty, Ten, Eighty, One hundred. 

Write down in words, 20, 60, 90, 100, 50, 30, 80, 70, 40. 

Obs. The pupil should be perfectly ready at reading and 
writing the above examples, before he advances a step 
further. 

We now find that when two figures are put at the end 
of the 1, as in 100, this figure is called one hundred ; so, 
if we write 2 instead of 1, and have 



(C) 



200, 


we shall call it 


Two hundred. 


doo. 


M 


Three hundred. 


400, 


yy 


Four hundred. 


500, 


» 


Five hundred. 


600, 


9» 


Six hundred. 


700, 


»f 


Seven hundred. 


800, 


» 


Eight hundred. 


900, 


» 


Nine hundred. 


1000, 


M 


Ten hundred. 



which is called One Tlioueand. 



8. Write down in figures. Three Hundred, Eight Hundred, 
Seven Hundred, One Hundred, Ten Hundred, or One Thousand, Four 
Hundred, Two Hundred, Five Hundred. 

Write down in words, 600, 800, 300, 100, 1000, 900, 400, 700, 200, 
500. 

d. We now learn that when three figures are placed after 
the 1, this figure 1 is called One Thousand; and we shall 
Snd. it convenient to put a comma before these three 
figures, and write 1,000. When, therefore, we see three 
figures at the end of the 1, and a comma placed, we shall 
easily remember to read in words, Onb Thousand. 
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80, if there are three figures after the figure] 2, we shall 
write 



2,000, 


which is 


read 


Two thousand, 


and in like manner, 3,000, 


n 




Three thousand, 


4,000, 


» 




Four thousand, 


5,000, 


99 




Five thousand. 


(D) 6,000, 


W 




Six thousand, 


7,000, 


» 




Seven thousand^ 


8,000, 


» 




Eight thousand. 


9,000, 


» 




Nine thousand. 


10,000, 


» 




Ten thousand, 



and in like manner, changing 10 into 20, 30, &e.^ up to 
100, we have 



(E) 



20,000, 


which is 


read 


Twenty thousand, 


30,000, 


» 




Thirty tJumsand, 


&c. 






&c. 


60,000, 


» 




Sixty thousand, 


&c. 






&c. 


90,000, 


» 




Ninety thousand. 


100,000, 


M 




One hundred thousand. 



And still further, changing 100 to 200, 300, &c., up to 
1,000, we have 



(F) 



200,000, 


which is 


read 


Two hundred thousand. 


300,000, 


j> 




Three hundred thousand. 


&c. 






&c. 


600,000, 


j> 




Six hundred thousand. 


700,000, 


» 




Seven hundred thousand. 


&c. 






&c. 


1,000,000, 


» 




One thousand thousand. 



and this is called by a new name, One Million. 

EXS. 3t Write down in figures, Five Thousand, Nine Thousand* 
Thirty Thousand, Three Hundi'ed Thousand, Eighty Thousand, Seventy 
Thousand, Seven Hundred Thousand, One Million. 

Write in words, 4,000, 80,000, 600,000, 800,000, 1,000, 70,000, 
1,000,000. 

4. Having now six figures after the 1, and a comma 
placed after every three figures, (counting from the right 
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hand to the left J yre must remember that all figures to the 
left of these six right-hand figures are Millions ; we 
shall thus hare 

12,000,000, which is read Tufo mUUons^ 

&c. &c. 

5,000,000, „ Fiife mUUons, 

(6) 6,000,000, „ SixmUUofUy 

^. &c. 

10,000/)00, „ Ten miUiontf 
&c. &c. 

(H) 60,000,000, „ Sixty millions, 

100,000,000, „ One hundred nUUums, 

300,000,000, „ Two hundred mUUons^ 
&c. &o. 

(I) 600,000,000, „ Six hundred millions, 
&c. &c. 

1,000,000,000, „ One thousand inUHons, 

(K) 6,000,000,000, „ Six thousand imUions.* 



4. Write down in figures. Four Iifillions, Nine Millions, Seventy 
Millions, One Hundred Millions, Three Hundred Millions, Eight Hun- 
dred Millions. 

Write down in words, 40,000,000, 8,000,000, 60,000,000, 2,000,000, 
50,000,000, 80,000,000, 600,000,000, 1,000,000,000. 

5. We have now shown how to read in words any single 
figure, either by itself, or when followed by any number of 
figures; and we will now write out in the form of a table 
the results which we have just been proving. 

* We do not often re^itdre numbers higher than diese. We ean, however, read as 

fbllOWB. 

10/)00,000/X)0, that ie Ten thousand mimons, 
&o. See, 

(L) eOflOOfiOOflOO, „ Sixty thousand miUions, 

100,000,000,000, „ One hundred thousand miUionSf 

&c. &0. 

(M) 600,000,000,000, „ Six hundred thousand millions, 

&o. &o. 

1,000/XX),000,000, „ One thousand thousand mtttions, 

or. One million mUUonSf which is called 
Ovi BiLLXOV. If there were six more figures to the right of the 1, it would become 
One JHUion,' if 6 more, a Quadrillion; and so on, the highest separate name beia^ 
a AkmilKofs. 
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Collecting a single line from each of the preceding 
groups of figures^ viz. those marked A, B, C, D, E, F, G, 
H, I, K, L, M, and placing them so that the last figures 
in each row will stand under each other, we have 



A. 

B. 

c. 

D. 
E. 
F. 



.. 6, 

, 6 0, 

6 0, 



. .. 6 which is Six. 
.60 „ Sixty. 

6 M Six Hundred, 



00 
00 
000 



O. .,. 6, 0, 00 

H 60^ 00 0, 000 

1 6 0, 0, 

K. . . 6, 0, 0, 

L. 6 0, 0, 0, 

M. 6 0, 0„ 0, 



Six Thousand. 

Sixty Thoutand, 

Six Hundred Thousand. 

Six Minions. 

Sixty MUUons. 

Six Hundred Mittions. 

Six Thousand Millions, 

Sixty Thotuand Millions. 

Six Hundred Thousand MiUions. 



.o5 






^j?^ 



S^'^.i 



1' 







I! 






a 



8* 



o 

6. Underneath the last line are written the names of all 
the values which the 6 has in all its different positions; 
and if these are learnt by the pupil, the value of any one 
figure which he may desire to know will be found imme- 
diately. Thus, if I have the number 500000, without the 
commas to help me to see at once what the 5 stands for, I 
shall begin with the right-hand figure, and proceed to the 
left, pointing to the figures one after another with the 
finger or pencil, and shall say, units, tens, hundreds, thou- 
sands, &c. till I come to the 5, and I shall then find that I 
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have come to htmdreds of thousands ; hence the 5 in the 
above number stands for Jive hundred thousands. 

7. We have now to show how all the intennediate num- 
bers^ between those which we have explained, are to be 
written both in figures and words. 

In ( 1 ) we went up as far as Ten or 10 ; and then went 
to Twenty or 20 ; the intermediate numbers are 

In words. In figures. 

Eleven 11 

Twelve 12 

Thirteen 13 

Fourteen 14 

Fifteen 15 

Sixteen 16 

Seventeen 17 

Eighteen 18 

Nineteen . . . ^ . . 19 

Twenty 20 

Take now any one of these numbers, as 16, and it will 
be observed that it is composed of ten and six ; that is, the 
1 stands for ten, as in the figures 10, and the 6 is added to 
it; so 17 means ten and seven together; 19 means ten 
and nine together; and so on. 

In like manner we can fill up all the places between 20 
and 30; 

Thus, 24 stands for ^ and 4, or Twenty-four. 

27 „ 20 and 7, or Twenty-seven. 

so also, 32 „ 30 and 2, or Thirty-two. 

45 „ 40 and 5, or Forty-Jive. 

49 „ 40 and 9, or Forty nine. 

And the same method is used for expressing the numbers 
between 50 and 60, between 60 and 70, &c. 

EXS. S. Write in figures, Fourteen, Twenty-two, Sixty-one, Seventy. 
Seven, Eighty-five, Ninety-three, Forty-eight, Fifty-one, Thirty-four, 
Ninety- one, Nineteen. 

Write in words, 28, 37, 45, 89, 73, 64, 58, 17, *l\, %», ^^ ^ 
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8. Proceeding beyond 100^ we fill np all the numbers 
between 100 and 200^ by writing all the numbers from 1 
up to 99^ instead of one or both of the ciphers in 100. 

Thus, if I have to write one hvmdred and Jifty^eeven, I 
first put down 1 for the one hundred, and then, instead of 
the two ciphers, I write fifty-seven in figures, that is, 57 ; 
so that it beoomes 157. Similarly, one hundred and 
seventy-nine is written 179 ; and one hundred and eight is 
108, where I see that the number eight, or 8, takes the 
place of only the latter of the two ciphers ; but in one 
hundred and fifty, or 150, the 50, being 5 tens, stands as 
a 5 in the tens' place, and the latter cipher is unaltered. 

The numbers between 200 and 300, between 300 and 
400, &c., are filled up in exactly the same way ; so that if 
a pupil has learnt thoroughly what has been written aboye, 
he will see at once that 

Three hundred and eeventy-fioe, 
Fcur hundred and one. 
Five hundred and seventeen. 
Eight hundred and thirty-tkree. 
Seven hundred and sixty. 
Nine hundred and ninety-nine. 

Having now learnt how to write in words and in figures 
all numbers firom 1 to 1,000, the pupil will easily see that 
all the numbers which he has just been learning will fill up 
the space from 1,000 to 2,000, from 2,000 to 3,000, &o. 

80 that 1324 stancls for One thousand three hundred and twenty-four. 

aQ.» ) Two thousand no hundreds and seventy-Jive, 

" j or Two thousand and seventy-Jive. 

3104 „ Three thousand one hundred and Jour. 

EXS. 6. Write in figures. Five Hundred and Seven, Eighteen Hun- 
dred and Nineteen, Four Thousand and Seventeen, Nine Hundred and 
Twenty, Eight Hundred and Eleven, Nine Thousand Four Hundred and 
Sixteen, Two Thousand and Four 

Write in words, 302, 427, 109, 704, 1845, 1900, 7324, 8907 
1401, 3870, 1044, 9009, 10,000. 



375 


stands for 


401 


n 


517 


» 


833 


>9 


760 


» 


999 


>» 
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9. I need not describe at length the mode of writing all 
the numbers from 10,000 to 20,000, 30,000, &c. ; or from 
100,000 to 1,000,000, &c. If the pupil will bear in mind 
what was said in (3) and (4), that all millions have six 
figures after them, and all thousands three figures after, he 
will find little dif&culty in writing down any proposed num- 
ber. Also, when learning to write down long numbers, he 
should place nine dots, as in the margin, to guide him 
where to put the three different ^^^ Thoua« 

terms millions, thousands, and num- 

bers below 1000. 345, 126, 327. 

Thus, if I have to write down 345 millions, 126 thousands, 
and 327, I must place the 345 under the first three dots, 
the 126 under the next three, and the 327 under the last. 

I see here that all the 9 places are filled up by the 
figures which I had to put down ; but if the numbers given 
had been such as not to occupy all the places, then the 
empty places between the first and last figures must be filled 
with ciphers. For instance, if a beginner has to write 25 

millions, 7 thousand, and 29, he should 

first write as follows : . . . . 25, 7, 29. 
and then filling up the empty places, he 

wiU have 25, 007, 029. 

And he will now see the use of the ciphers, namely, to 
keep all the other figures in the places which we have 
shewn to be the proper ones. 

Obs. — ^I do not place a under the last dot to the left, 
because there are no figures to the left of it, to be kept in 
their proper places. 

EZS. 7. Write down in figures, Fifty Thousand and Six, One Hun- 
dred and Seventy Thousand and Eighteen, Four Hundred and Five 
Alillions Thirty-nine Thousand and One, Three Thousand axud ^v^^ 
Millions Six Hundred and Nine, One Million and 'FoT\:|-^t«^. 



ADDITION. 

10. To Add is to ooUeot together two or more QombeiB 
into one snm. 

Iq order to add together any nnmbers, we muBt collect, 
separately, all those nnmbers which are of the same kind ; 
&aB, anits mast be added to onits, tens to tens, hondreds 
to hundreds, and so on. 

When, therefore, we have to find tiie stun of any nam- 
bers, we must so place them under one another, that all 
the figores in the nnite' places may be in an upiight row ; 
then the tens, hundreds, tboasands, &o., if there be aaj, 
will also be arranged in upri|^t rows. 

1 1. To help the leamer to add together any two num- 
bers, each less than 10, I insert the following AsDiTinir 
Table. 
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8 
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7 8 
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1* 
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a 9 


19 


11 13 


13 


a 
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9 10 


11 


13 13 


14 
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10 11 
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l» 
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.'1 


IL 


13 14 


.. 
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ADDITION. 1 1 

It may be learnt or read thus. Place a finger of the left- 
hand on any one of the figures in the left-hand row ; and 
as you move your finger to the right, add to this figure 
the numbers in the highest row one after another. The 
amounts will be under the finger at every step. Thus, 
pointing to 4 with the leftrhand, and to the 1, 2, 3, &c., of 
the top line with the right-hand, and then moving both 
hands to the right, we read 4 and 1 make 5, 4 aad 2 make 
6, 4 and 3 make 7 ; and so on, to the end of that line ; and 
I see that the amounts 5, 6, 7, &o., are exactly under the 
1, 2, 3, &c., of the top line, and in the same row as the 
left-hand 4. 

If now I wish to find from this table the sum of any two 
numbers, each less than 10, as 7 and 8, I point with the 
left-hand to the 7, in the leftrhand row, and with the right- 
hand to the 8 in the top row ; then moving the right-hand 
straight down till it comes opposite the leftrhand, I find I 
come to the number 15. This 15 is the sum of the numbers 
7 and 8. 

12. We have seen in Numeration, that the figure 1 in 
the second place from the right-hand counts as 10 ; there- 
fore, to add 10 to any number under 10, we have only to 
place the figure 1 to the left of that number ; thus, if I 
have to add 10 to 7, 1 merely write 17. So also, to add 10 
to a number greater than 10, as to 46, 1 add 1 to the figure 
in the tens* place, so that 46 and 10 make 66. By the 
same method 235 and 10 make 245 ; 1427 and 10 make 
1437. In like manner, to add 100, 1 increase the figure in 
the hundreds' place by 1, so that 245 and 100 make 345 ; 
3156 and 100 make 3256. 

We shall now have no difficulty in adding together two 
numbers, one of which is more than 10, and the otliec Vb^*& 
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than 10, as 16 and 3. For 16 is the same as 15 
10 and 6. I therefore add the 3 to the 6, _^ 
making 9; and keeping the 1 in the units' == 
place, make 19 in all. So also, to add 16 and 7, I first 
add the 7 to the 6, making 13, and write down le 
the 3 ; and for the 10 in this number 13, 1 put JL 

.23 

1 more in the tens' place, and make in all 23. =■ 
In like manner, if I have to add 28 and 7, I shall first add 
the 7 to the 8, making 15, and put the 5 in the 28 
units' place ; and for the 10 in this 15, I add ^ 

lid 

1 to the 2 in the tens' place, making 35. And •=- 
so I might add any two such numbers, as 36 and 7, making 
43 ; 46 and 7, making 53 ; 146 and 7, making 153 ; 248 
and 8, making 256« 

EXS. 8. Write down the sums of 16 and 10, 26 and 10, 13 and 6, 
18 and 9, 26 and 7, 45 and 8, 78 and 4, 89 and 1, 101 and 8, 104 and 7, 
156 and 8, 345 and 9, 426 and 7. 

13. Now let it be required to find the sum of 2548, 8027, 
9, and 765. 

Arranging the numbers according to the directions given 
above, so that all the figures in the units' places may be in 
an upright row, they stand thus : 

Beginning at the right-hand or units' 

^i^ row, and adding, I say ; — 5 and 9 are 14, 

9 14 and 7 are 21, 21 and 8 are 29, that is, 

765 

jjg^ 2 tens and 9 units ; I place the 9 units 

^^^ under the row of units,- and carry the 2 

tens to the next row, which consists of tens. I now add 
this second row, just as I did the first ; it amounts to 12 
tens, and with the two tens carried, it is 14 tens, (or 140,) 
that is, 1 hundred and 4 tens ; I place the 4 under the row 
of tens, and carry the I hundred to the next row, which 
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consists of hundreds. The third row^ with the 1 carried, 
amounts to 13 hundreds, (or (1,300), that is, 1 thousand 
and 3 hundreds ; I put down the 3 under the row of hun- 
dreds, and carry the 1 thousand to the fourth row : this 
amounts to 1 1 thousands ; and as there are no more rows 
to add, I put down the whole of the 11. The complete 
answer is, Eleven thousand three hundred and forty-nine 
( 1 1 349 ) . And so we might have added any number of rows. 
Hence we have the following Rule for Simple Addition : 

Rule. Arrange the numbers to be added under one 
another, so that the figures in the units' places may be in 
an upright row, and draw a line under the whole. 

Add up the first row to the right ; and of the amount just 
found place the right-hand or units' figure under this row, 
and carry the other figure, or figures, if there be any, to 
the second row. Find the sum of this second row, adding 
in the figure carried firom the first row; put down the 
right-hand figure, and carry the remaining ones as before. 
Proceed in like manner to the last row ; and when its sum 
is found, place the whole of it to the left of the figures 
already set down. 

Obs. The operation of Addition is sometimes denoted 
by the sign (-[-) plus, which, placed between two numbers, 
shows that they are to be added together. Also, the sign 
( = ) equal to, placed betweed any two quantities, signifies 
that they are equal. Thus 4 -f- 5 = 9, is read 4 plus 6 
equals 9, or 4 added to 5 makes 9. So also, 4 -f- 5 -f- 3 
-}- 7 =■ 19 ; or the sum of 4, 5, 3, and 7, is 19. 

EZS. 9* Find the value of 

1. 643 + 879 + 245 + 134 + 851+405 + 137. 

2. 145 + 672 + 834 + 1000 + 987+451+1687. 

c 
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3. 1144 + 328+456 + 987 + 101+376 + 451. 

4. 4176 + 3459 + 1111+4321+6897 + 14562. 

5. 8976 + 3178 + 9017+5632+14587 + 8765. 

6. 4301+9872 + 4632+1829 + 5437+684 + 9187. 

7. 8743+1986 + 4530 + 12875 + 1493 + 6421. 

8. 1879 + 8431+9645 + 4287 + 1673 + 7482. 

9. 8735 + 6419 + 4327 + 9180 + 14327 + 6875. 

10. 3456 + 875 + 10010 + 7435 + 8962 + 67. 

11. 8432 + 98765 + 20101+3476 + 823 + 10479. 

12. 658+1034 + 98710 + 3279 + 14826 + 4113. 

13. 84291 + 103456 + 8732 + 91011 + 178452 + 74379. 

14. 110456 + 83019 + 75146 + 238108 + 14679 + 8001. 

15. 148765 + 75832 + 64101+75 + 80015 + 9873. 

16. 143856 + 28739 + 41032 + 999 + 91458 + 100000 + 87532. 

17. 457890 + 32576 + 987542 + 17639 + 4010 + 101010 + 67348. 

18. 111111+43210 + 87641 + 12479 + 71 + 375 + 118934. 

19. 843217 + 641839 + 4813756 + 5204187 + 28756 + 4315821 + 867509. 

20. 43201+384917 + 1007 + 138589 + 710234 + 86549 + 684305. 

21. 148302 + 7649 + 45831+776789 + 145384 + 784591+638414. 

22. 487643 + 1897421+684579 + 4458321+9237548 + 8459320. 

23. 876410+1984321 +765899 + 4101873 + 600750 + 9999. 

24. 4865320 + 6421987 + 468359 + 146721 + 1098638 + 1016. 

25. 687532 + 4591408 + 7432017 + 5689432 + 874310 + 189 + 6345681. 

26. 875439 + 8674392 + 5108469 + 83167 + 410509 + 1673245 + 587410. 

27. 5681094 + 6138765 + 494587 + 238654 + 1647829 + 30178 + 472. 

28. 784586 + 87532 + 1049761 + 853742 + 945681 + 410392 + 7684910. 

29. 487653 + 768923 + 9898989 + 445671 + 830187 + 941245 + 7631408. 

30. 456786^2389124 + 837540 + 975218 + 111456 + 832075+1410987. 

31. 8740192 + 1432786 + 910437 + 64985 + 87563 + 1 1468492 + 753864. 

32. 4132875 + 6894360 + 51 19387 + 7256918 + 14071728 + 1271449. 

33. 489735 + 2010387 + 5897654 + 319771 + 864987 + 410684 + 34586. 

34. 8764591 + 143286 + 375 + 914268 + 4372145 + 896451 + 98817532. 

35. 348765 + 1 487659 + 2018437 + 498765 + 14329 + 87642 + 1073496. 

36. 4368291 + 78543 + 689201 + 45763 + 75 + 101789 + 2345682. 



( 15 ) 



SIMPLE SUBTRACTION. 

14. To Subtract a less number from a greater is to 
find how many more units there are in the greater number 
than in the less; or^ to find what number added to the 
less will make the greater. This number is called the 
differefkce. 

First, I must learn to find the difference between two 
numbers, whereof one is less than 10, and the other does 
not exceed it by 10 ; as for instance between the numbers 
9 and 15. For this purpose the Addition Table may be 
used as a Subtraction Table ; thus : — ^I find the smaller of 
the two numbers in the left-hand row^ and move my finger 
to the right, till I come to the larger one ; I then look to 
the top of the upright row in which my fiuger is, and there 
I find the difference. For instance, taking the numbers 
9 and 15, I look for 9 in the left-hand row, and move to 
the right till I come to 15 : at the top of the upright row 
that my finger now touches, I find 6 : this is the difference 
between the 9 and 15. 

15. I now can find the d^erence between any two num- 
bers. Thus, let it be required to find the difference between 
43854 and 2628. 

Placing the numbers so that the units' figures shall be 
under each other, I commence as follows ; 
8 fix)m 4, — ^it cannot be taken; I there- ^|^ 

fore observe that the 54 in the top line is 41226 

the same as 40 -f- 14, or 4 tens and 14 ; 
and I subtract the 8 from this 14, finding aTemficai^<^\ ^> 
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which I place underneath. I now remember that I have 
no longer 50 in the upper line^ but 40 ; that is^ the figure 
in the tens' place must not be counted as 6, but as 4. I 
therefore take the 2 tens in the lower line from the 4 tens, 
and have 2 tens as the difference, which I put down. So, 
also, 6 hundreds from 8 hundreds gives 2 hundreds ; 2 
thousands from 3 thousands gives 1 thousand : and since 
there are no tens of thousands in the lower line to be taken 
from the 4 tens of thousands in the upper line, the 4 must 
be brought down as it is. The whole remainder is 4 tens 
of thousands, 1 thousand, 2 hundreds, 2 tens, and 6, or 
forty-one thousand two hundred and twenty-six. (41226.) 
16. In performing the first subtraction of the above 
ei^ample, because I could not take the 8 from the 4 in the 
units' place, 1 added 10 to the 4, or, as it is often called, 
I borrowed 10, and cpunted the figure 5 in the tens' place, 
as 4, and then subtracted the 2 below it firom the 4 ; but 
the common way, after having added this 10 in any sub- 
traction, is to leave the figure in the top line of the next 

■ 

place unaltered, but add 1 to the figure under it, and then 
subtract. Thus, I add 1 to the 2 in the lower line, and 
then say. 3 from 5, which gives me the difference 2. just 
as before. 

Hence, when it is required to find the difference of two 
numbers, we have this 

Rule. Place the less number under the greater, so that 
the figures in the units' places may be under one another. 
Begin at the right-hand; and, if possible, subtract the 
lower figure from the upper, placing the difference under- 
neath ; but if the lower figure is greater than the upper, 
add 10 to the upper, and then subtract 

Proceed in the same manner with each pair of figures ; 
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but remember tliat when in any subtraction you have added 
10 to the upper figure, you must, in performing the next 
subtraction, add 1 to the figure in the lower line. If there 
remain any figures in the upper line, from which none are 
to be subtracted, bring them down in their proper order. 

Obs. The operation of Subtraction may also be expressed 
by the sign ( — ) minus, which, placed between two quan- 
tities, shows that the latter is to be taken firom the former. 
Thus, when I wish to say that if 2 be taken firom 7, the 
remainder is 5, I write 7 — 2 = 5, which is read, 7 minus 
2 equals 5 ; or, the difference between 7 and 2 is 5. 

EZ8. 10. Find the value of 

68935842 - 1065719. 
78568932 - 6458109. 
385879276 - 7750987. 
107964201 - 6423189. 
351068743 - 49969836. 
784500000 - 6891019. 
89760001 - 4321890. 
321047607 - 76498321. 
987654321 - 123456789. 
64208882 - 7134284. 
Ullllllll - 123456789. 
9684766554 - 807060504. 
483718088 - 403090871. 
9308615607 - 930830730. 
7386543210 - 4567898765. 
8762748898 - 796534289. 

QUESTIONS INVOLVING ADDITION AND SUBTRACTION. 

Ezs. 11. 

From the sum of 3276 and 189, take the sum of 375 and 456. 
From the sum of 14095 and 8376, take the difference between 427 

and 999. 
From the sum of 98763, 3275, and 144, take the difference between 

10000 and 1001. 
To the number 10001 add 8399 ; from the sum subtract A&1^\ \.N^«v 

add 1879; then subtract both 327 and 1B5*, vfWl m\\ lem^lm'^ 

c2 



1. 


45863-21051. 


17. 


2. 


68745 - 61032. 


18. 


3. 


58900 - 48799. 


19. 


4. 


456789 - 123456. 


20. 


5. 


785432-694310. 


21. 


6. 


689321 - 278543. 


22. 


7. 


5894101 - 785326. 


23. 


8. 


8497103 - J456897. 


24. 


9. 


4132987 - 875619. 


25. 


10. 


8976410 - 2301019. 


26. 


11. 


9832145 - 4567891. 


27. 


12. 


7640189 - 178923. 


28. 


13. 


1432897 - 567898. 


29. 


14. 


3456890- 126901. 


30. 


15. 


2117584 - 456897. 


31. 


16. 


18432745 - 1857106. 


32. 



I. 

2. 
3. 
4. 



18 SIMPLE MULTIPLICATION. 

5. Out of 200 marbles, a boy gives away 30, 30, 40, and 50 to foar 

other boys ; how many has he left? 

6. If the upper line in a subtraction sum be 3456, and the remainder 

be 749, what is the lower line ? 

7. If the lower line be 4896, and the remainder be 960, what is the 

upper line ? 

8. From one million I take ninety-nine thousand and nine; to the 

remainder I add seVen thousand and fifteen; what will be the 
amount ? 

9. Write down in figures apd signs ; three hundred and seven, added to 

one thousand and one, is equal to the difiference between ninety- 
two, and one thousand four hundred. 

10. Write down in figures and signs; seventy, plus 18, added to five 

thousand and four, diminished by seven hundred and nine, 
amounts to four thousand three hundred and eighty-three. 

11. Write in words, 1000 -457-1- 193 - 75 = 661. 

12. Write in words, 3045 -h 6208 = 10001 - 748. 

13. The flood took place 2348 years B.C.; how many yean from that 

date to the year 1851 a.d. ? 

14. How many years from the first year of the fifth century to 1850? 



SIMPLE MULTIPLICATION. 

17. To Multiply one number by another is to see what 
the first number amounts to, when repeated as many times 
as there are units in the second number. 

Thus, to multiply 7 by 5 is to repeat the number 7 ^v€ 
times, that is, it is 7 + 7 + 7 + 7 + 7, which by addition 
we find to be 35 ; and therefore we say that 6 times 7, or 
7 multiplied by 5, equals 35. This result, 35, is called the 
product of 7 and 5 ; also 7 is called the multiplicand, and 
5 the multiplier. 

In like manner, by performing successive additions, we 
might find the product of any two numbers ; but it is not 
convenient to obtain these results by addition, any furHier 
than to find the sum of 12 repeated 12 times, or the pro- 
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dact of 12 by 12. A table which conUins in order the 
products of an; two numbers not greater than IS, is called 
the Mult I PLICATION Table, and is as follows : 
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The aboTe is thus formed : the first row to the left con- 
tuus the numbers 1 to 12. Taking the second row with 2 
at the top, aud going downworda, we find that th^ row is 
formed 1^ adding 2 at eTery step ; thus, 2 and 2, or twice 
3, are 4 ; 4 and 2^ or 3 times 2, are 6 ; 6 and 2, or 4 times 
2, are S ; and so on, till we come to 12 times 2, or 24. In 
like manner the 7th row is found by beginning with 7, and 
adding? successitely, which gives the row 7, 14^ 21, 28, 
&c 84. And so for all the other rows. 

And if I wish to find the product of any two numbers, 
each not exceeding 12, as 7 and 8, I pomt, m\^\ \^e X-t^- 



527 
9 






63 = 

180 = 
4500 = 


9 times 
9 „ 
9 ,. 


7 

20 

500 


4743 = 


9 times 527 
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band to the one number, 1, in tbe left-band row, and wAl 
tbe rigbt-band to tbe otber, 8, in tbe top row, as in tbe 
Addition Table ; tben moving tbe rigbt-band straight down 
till it comes opposite to tbe left-hand, I find that I come to 
tbe number 56 ; this is the product of the numbers 7 and 8. 

18. Now let it be required to multiply any number, as 
527, by any number not greater'tban 12, for instance, by 9. 

Since 527 = 500 +20 + 7, therefore, if I multiply each 
of these three quantities by 9, the sum of all the products 
wiU be the whole product of 527 by 9. I have, then, as 

tbe fii'st product, 9 times 7, 
or 63 ; as the second, 9 times 
20, or 9 times 2 tens, which 
is 18 tens, or 180; as the 
third, 9 times 5 hundreds, 
which gives 45 hundreds or 
4500 : and, as shown in tbe margin, tbe sum of these three 
products is 4743. 

19. But in practice we perform this work in one line, 
and add the products as we go on, thus ; 9 times 7 = 63 ; 

put down tbe 3 units, and carry 6 

^^9 fA^ ^^^^ ^ ^ times 2 tens =18 tens, and 
4743" with the 6 carried, is 24 tens, or 2 

r- 

hundreds and 4 tens ; put down 
tbe 4 tens, and carry tbe 2 hundreds ; 9 times 5 hundreds 
= 45 hundreds, and with the 2 hundreds carried = 47 
hundreds, or 4 thousands 7 hundreds; put down both 
these figures, and tbe result is 4743, as before. 

EZS. 12. Form the following products. 

I. 3456789 by 2, 3, 4, 5, 6, 7, successively. ^ 

II. 6410954 by 3, 4, 5, 6, .7, 8. 

III. 1875697 by 4, 5, 6, 7, 8, 9. 

JV. 6183249 by 7, 8, 9. 
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We have already seen in Numeration^ that if a cipher 
be placed at the right-hand of a number^ every figure in 
that number has ten times the value that it had before ; 
that is^ to multiply a number by 10> I need only place a 
cipher after it ; so, also, to multiply by 100, I place two 
ciphers ; by 1000, three ciphers ; and so on. 

20. Again, since to multiply the above number, 527, by 
10, I merely add a cipher, making 5270; therefore, to 
multiply it by 20, which is 2 tens, I multiply by 10 and by 
2, that is I add one cipher, and then multiply by 2, making 
10540. In like manner to multiply by 40, I add a cipher, 
and multiply by 4 ; by 60, I add a cipher, and multiply 
by 6. 

So, also, to multiply by 200, I add two ciphers, and 
then multiply by 2 ; by 700, add two ciphers, and multiply 
hy 7 ; by 5000, add three ciphers, and multiply by 5. 

The following are examples of the manner in which such 
multiplications are performed. 

3247 8295 

60 700' (B) 



194820 5806500 



Exs. 13. 

I. Multiply 3456789 by 10, 100, 10000. 

II. „ 785632 by 20, 30, 600, 8000. 

III. .. 4568301 by 9000. 80. 600. 70 



li. „ /oooo:e Dy :%u, ov, ouu, ouuu. 
III. „ 4568301 by 9000, 80, 600, 70000. 

21. Let us now see the effect of a cipher in the middle 
of a multiplier. For example, if I have to multiply 48295 
by 1703. 

Here, multiplying by the 3, according to (A), I obtain 
the first line of the product ; next I multiply by \3aa 1^ 
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according to (B); next by 1000, by merely adding 3 
ciphers to the multiplicand, 48295. By adding these three 
products, I obtain the whole product: but the work is 



48295 
1703 


48295 
1703 


144885 = prod* by 3 
33806500 = „ 700 
48295000 = „ 1000 


144885 
3380650 
48295 


82246385 - „ 1703 


82246385 



(C) 33806500= „ 700 3380650 (D) 



usually written as in (D), where all the ciphers are omitted 
in writing out the products, except the single one in the 
second line, which came from our haying a cipher in the 
second place of the multiplier. 

In working any sum, then, it will be seen that it is not 
necessary to write down all the ciphers as in (C), but only 
to place each succeeding row one place farther to the left 
than the preceding one ; but if there be a cipher in the 
multiplier, it is to be written down before multiplying by 
the next figure, and the row next below will be thereby 
thrown one place more to the left. 

Hence, when two numbers are given to be multiplied 
together, we have this 

Rule. Place the smaller number beneath the larger, so 
that the figures in the units' places may be under one 
another. 

Begin with the right-hand figure in the multipHer, and 
multiply the units in the multiplicand; put down the right- 
hand figure of this product, and carry the tens, if there be 
any. Proceed in like manner through the first row, up to 
the last figure in the multiplicand, when the whole product 
must be put down. 

Multiply in the same way by each figure in the multiplier, 
placing the first or right-hand figure of each row under the 
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second figore of the former row ; but if there be a cipher 
in the multiplier, place it under the second figure of the 
row last formed, and multiply by the next figure in the 
multiplier, as usual ; and in the succeeding multiplication, 
if there be one, place the row two places to the left. Add 
together all the rows ; the result will be the product of the 
two numbers. 

NoTB. The operation of Multiplication may also be 
expressed by the sign ( x )» which, placed between two 
numbers, shews that they are to be multiplied together ; 
thus, 7x5 = 35, which is read, 7 multiplied by 5 equals 
35 ; or, 7 into 5 equals 35. 

EX8. 14. Express the following words in signs and figures. 

1. Seven multiplied by four, plus three, minus eight, is equal to twenty- 

three. 

2. Nineteen added to three hundred and twenty-five, i» equal to forty- 

three, multiplied by eight. 

3. The sum of forty-five and one hundred and nineteen, is equal to the 

product of four and forty-one. 

4. The diflerence between one thousand, and three hundred and fifty-five, 

is equal to the product of forty-three and fifteen. 

EX8. 15. Form the following products. 

I. 6183249 by 1), 12, 13, 14, 15, 16. 

II. 8375426 by 124, 347, 645, 809. 

III. 45789213 by 653, 842, 976, 1048. 

IV. 387940J28 by 3456, 7894, 6781, 8592. 

1. 41f^52x4568. 10. 784923607x42816. 

2. 168942189x13076. 11. 814906735x87492. 

3. 87401329x16849. 12. 436892198x57194. 

4. 53298476x14370. 13. 764381479x60879. 

5. 764109836x4756. 14. 9850124657x134806. 

6. 514276439x28309. 15. 56401389617x48907. 

7. 8750146081x76112. 16. 8976432518x23874. 

8. 458964107x13847. 17. 1468529645x46879. 

9. 743286491x68940. 18. 38745d%4!QK) y^%^<;2^. 
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22. K I now turn to the Multiplication Table^ I find 
that the number 144 at the right-band lower comer tells 
me the number of small squares in the whole square, that 
is, in a square which has 12 equal parts in each side ; so 
that, if each of these parts measures one inch, the whole 
square will contain 144 squares, each one inch both in 
length and breadth, or 144 square inches. I thus learn 
that the number of square inches in the whole square is 
found by multiplying the number of inches in the length 
by the number in the breadth. 

And if I try this rule on any portion of this square, so 
that it be enclosed by 4 lines and 
shaped as in the figure, called an 
oblong, I shall find it true. For if 
I take a piece 7 inches long, and 
5 broad, I shall find that there are 
in it 7 times 5 squares, or 35 square inches ; and this 
number 35 is at the right-hand lower comer of the oblong. 
If I take a piece 9 inches long, and 5 broad, I shall find 
45 squares ; so that I can now tell at once how many square 
inches or feet are contained in any square or oblong, if I 
know how many inches, or feet, it is in length and breadth; 
for I have only to multiply the length by the breadth. 

If also in each of these small squares a tree were placed, 
I could tell the number of trees in an oblong clump, by 
counting the number in length, and the number in breadth, 
and finding their product. 

Ezs. 16. 

1. A board is 17 inches long, and 10 inches broad, how many squarts, 

an inch each waj, are there in its surface ? 

2. A box is 9 inches long, and 7 inches broad, how many square inches 

are there in the top and bottom } 
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3. If the above box be 6 in. high, bow many square inches in the sides ? 

4. In a surface, divided like a chess-board, there are 15 divisions on 

each side, how many squares in the board ? 

5. In an oblong plantation, where the trees are planted in regular rows, 

there are 175 in one side, and 150 in the next side ; how many 
trees are there in all? 
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23. To divide one number by another, is to find how 
often the second nnmber may be subtracted from the first ; 
or, what number multiplied by the second will produce the 
first. Thus, if it be required to divide 35 by 5, T subtract 
5 from 35, till there be either nothing left, or till the num- 
ber left be less than 5. I find I can subtract the 5 just 
7 times, and therefore I say that 35 contains 7 fives, or 
that, when divided by 5, it gives the answer 7. Here 35 is 
called the dividend, 5 the divisor, and 7 the quotient. 

Also, the operation of Division is represented by the 
sign (-T-). Thus, 35, -^ 7 = 5, is read, 35 divided by 7 
equals 5 ; or, the quotient of 35 when divided by 7 is 5. 

24. When the number to be divided is not greater than 
144, and the divisor not greater than 12, the Multiplication 
Table may be used as a Division Table. Thus, since I 
know that if 5 and 8 were to be multiplied together, the 
result would be the number in the table where the two rows 
from 5 jnd 8 meet, viz. 40 ; therefore, if T make 5 the 
divisor, and 40 the dividend, then the number 8 standing 
over the 40 will be the quotient. So, also, if 8 were the 
divisor, and 72 the dividend, the number 9 at the top of 
the row over 72 would be the quotient. ^ 

But we shall not find all the numbers between 1 and 144 
in this Multiplication Table ; for instance, \i \ m^ \r^ 
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divide 43 by 6j and I look in the row beginning with 6, 
I ran my finger along the row till I come to the next 
number below 43, that is^ 40 ; and since I find that 8 is at 
the top of the row^ therefore 8 is the quotient ; but there 
are 3 out of the 43 which are not divided ; and this wori^ 
of division which I have just been performing would be 
thus expressed^ — 5 in 43 goes 8 times^ and 3 over.* 

25. But if the dividend consist of four or five places of 
figures, as 3276, and the divisor be still under 12, as 9, we 
cannot see at once how many times 9 will produce 3276, 
but must take several steps to find the result. 

Now the 32 in 3276 means 32 hundreds ; since, then, 

we know how often 9 is contained in 32, viz. 3 times and 

5 over, we know how many times it is contained in 32 

hundreds, viz. 3 hundred times, and 5 hundred over. Take 

300 times 9, or 2700 from 3276, and we have 676 over, 

which has not yet been divided. Again, since 570 is 57 

tens, and 9 in 57 goes 6 times and 3 over, therefore 9 in 

57 tens goes 6 tens, or 60 times, and 3 tens, or 30, over. 

Subtract 60 times 9 from 576, and we have 36 over ^ and 

we see that 9 in 36 ffoes 

9) 3276 
4 times exactly : therefore 2700 = 300 times 9 

the number 3276 has been ^76 (E) 

540= 60 times 9 
entirely divided by 9 ; and — 3^ 

the quotient is 300, and _36= 4 times 9 

60, and 4, or 364. or, 3276 = 3(>4 times 9 

• t = 

The above may be so 

arranged as to form a very ^^^ 

simple sum, thus : 364 

And the manner of per- 



* The pupil will afterwards be shown that if 43 be divided by d it is conreot to^iay, 
that the quotient is eight and three-Jiflhs, or, as it ia written 8|. See Art Fractional 
Quotient^ in Appendix to Part II. of the Aiithmetio. 
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forming the operation is to say, 9 in 32 goes 3 times and 
6 over ; put down the 3 under the 2, and toke the 6 to the 
7, the next figure in the dividend, calling it 57 ; 9 in 57 
goes 6 times and 3 over ; put down the 6 under the 7, and 
take the remaining 3 to the 6, calling it 36 ; 9 in 36 gives 
a quotient 4, which put under the 6. Hence, for dividing 
by a number not greater than 12, we have this 

Rule. Place the divisor to the left of the dividend, 
separating them by a curved line. Take as many figures 
of the dividend as are necessary to make the number taken 
at least equal to the divisor : see how often the divisor is 
contained in this number, and place the quotient under 
the last of the figures so taken : if there be any remainder, 
annex it to the next figure of the dividend, and divide as 
before ; but if the remainder and the figure so taken be 
less than the divisor, place a cipher as quotient, and take 
another figure and divide. But if tiiere be no remainder, 
divide the next figure alone, if possible ; and if not, put a 
cipher imder it, and take two or more figures if necessary. 
Proceed in this manner till all the figures in the dividend 
are taken. If there be any final remainder, place it a littie 
to the right of the quotient. 

This method, as shovni in the second form of the above 
example, is caUed Short Division. But as the sum was 
worked at first, where the subtractions after every division 
were performed on the paper, instead of in the mind, the 
process is called Long Division ; and we shall have thus 
to work almost all examples, where the divisor is greater 
than 12 ; the only difference being, that the ciphers might 
have been omitted in the lines which are subtracted, as 
was shown in (D) in the multiplication sum in page 22. 
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EXS. 17. Divide 

I. 3849628 by 2, 3, 4, 5, successively. 

II. 89764320 by 6, 7, 8, 9. 

III. 148763592 by 5, 7, 9, 8. 

IV. 4587692015 by 8, 9, 11, 12. 

26. The above Rule may also be used for dividing bj 
numbers greater than 12, if they can be exactly split up 
into two other numbers, each less than 12 ; as for instance, 
by 21, which is 7 times 3 ; by 24, which is 6 times 4. Thus, 
if we have the number 2476 to be divided by 21, we shall 
divide, first by one of the numbers, as 7, and then by the 
other, 3. And to show that this process wiU bring a 
correct result, let us suppose we had 2476 apples to be 
divided into heaps of 21 : if we divide 2476 by 7, we shall 

have the quotient 353, which 

21 1 ^ gives the number of heaps of 

"Tn - 2}^^^®°^' 7, and 6 single apples over; 

and since 3 heaps of 7 will 
make one heap of 21, therefore, if we now divide these 
353 heaps of 7 by 3, we shall have a quotient consisting of 
heaps of 21 ; this is 117, and the rem^ 2 represents 2 heaps 
of 7, which is the same as 14 single apples, and with the 
former remainder, 5, gives 19 apples rems from the whole 
division. Here we see, that the number remaining from the 
second division, namely, 2, required to be multiplied by the 
first divisor, viz. 7, to give the real second rem', and then 
it was added to the former remainder. So that when I wish 
to obtain the complete remainder, 19, from the two partial 
remainders, 5 and 2, 1 shall say, 2 x 7 + 6 =: 19, the true 
remainder. Therefore, in dividing as in Short Division, 
by a number which is formed by the multiplication of two 
numbers under 12, we have, for finding the remainder, this 
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Rule. Multiply the second remainder by the first divisor, 
and add in the first remainder. If there be no second 
remainder^ the first remainder will be the true one. 

EZS. 18. Divide 

. 

I. 37643291 by 14, 16, 18, 21. 
11. 874013695 by 25, 36, 56, 81. 
III. 172345698 by 72, 49, 121. 

£XS. 19. Perform the following operations. 

1. 289764235+27. 7. 5689743209+132. 

2. 4568972501+33. 8. 78964012385 + 144. 

3. 46895017846+55. 9. 3456785231+84. 

4. 7592041863+81. 10. 4680397642+96. 

5. 5697421078 + 121. 11. 58742136847+99. 

6. 6498721417 + 120. 12. 84397652108+108. 

27. But since most of the numbers that we have to use 
as divisors cannot be broken up exactly into two numbers 
each under 12, we must use the method of (E), or of Long 
Division, when dividing by any ordinary divisor larger than 
12. I will give another Example. 

Let it be required to divide 3487906 by 754. 

Now as in Art. (25) we showed how to divide 3276 by 9 
at several steps, so we must work in this example. Take 
the 3487 as being the smallest number of the dividend 
that can be divided by 754 ; and since there are 3 places 
after these four figures, we know that this 3487 signifies 
3487 thousands, and therefore when divided by 754, the 
quotient will be so many thousands. 

We have first to see how often 754 goes in 3487 ; this 
is nearly the same as seeing how often 7 hundred goes in 
34 hundred, or 7 in 34 ; that is, we neglect the two right- 
hand figures and then divide. Here 7 in 34 goes 4 times 
and something over, therefore 700 in MOO ^^^ ^ >q5s^r.'s»^ 
d2 
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and sometliing over : but we said that 3487 in this place 
meant 3487 thousands^ therefore 754 in 3487 thousands 
goes 4 thousands and something over; put this 4000 in 
the quotient ; and that we may see how much is over, sub- 
tract from the whole dividend, 4000 times 754, or 3016 
thousands, and we have a rem' 471906. Taking this rem' 



754) 3487906 
3016000 » 


4000 times the divisor. 


471906 
452400 = 


600 „ 


19506 
15080 = 


20 


4426 
3770 = 


a 


656 




187906 - 656 = 


4625 times the divisor 



as a new dividend, and beginning, as before, by dividing into 
the first four figures 4719, which are so many hundreds, 
we find that 754 in 4719 goes 600 times, and something 
over : as before, we subtract 600 times 754 from the new 
dividend, to see how much is over, and we find 19506, 
Again, dividing by 754, we find that it goes 20 times and 
something over, and our rem' after subtracting is 4426 : 
here 754 goes 5 times, and something over ; and by sub- 
tracting again, we have the last rem' ^6^ ; and our whole 
quotient is 4000 + 600 + 20 + 5, or 4625. 
We have here performed 754) 3487906 (4625 

3016 

the process at full length ; but ""iTTg 

if we put down only those 4524 

figures which are necessary in j508 



the operation, the sum will 4426 

XT. 3770 

appear thus. -^^ 
We here see that after each 
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subtraction it is not necessary to bring down to the rem'' 
more than one figure of the dividend^ though it sometimes 
happens^ as in Short Division^ that the rem' is so small, 
that even when one figure is brought down, the rem' still 
is less than the divisor; in this case a cipher must be 
placed in the quotient, shewing that there has been no 
division perfonhed, and another figure must be brought 
down, and the work proceeded with as before. 

I insert one more Example, which will show that care 
must be taken when one figure is brought down, and yet 
no division performed. 

Divide 1746549138 by 4587. 

4587) 1746549138 (380760 Here, when, after the 

^^^^^ second subtraction, the 9 

37044 

36696 was brought down, the di- 

^??i vidend 3489 was smaller 

32109 

27823 t^^^ t^® divisor, and no 

^^^^ division could be perform- 

= ed; I therefore placed a in 

the quotient, and brought down another figure, and the 

divisor then could go into the dividend, 7 times. So, also, 

after the last subtraction, when 8 was brought down, the 

number 3018 was too small to be divided, and a was 

placed in the quotient, and 3018 was left as a remainder. 

It seems unnecessary, after going so fully through the 

above example, to state a separate rule for Long Division, 

since the only difference in working Short and Long 

Division is, that the subtractions necessary to find the 

rem", after every division, are in Long Division performed 

on the paper, whereas in Short Division they are performed 

by the memory, and only the quotient is put dowu. 
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Obs. It is worth remarking^ that in finding how often 
the divisor will go into the dividend or any of the rem"> 
we cannot always get a correct result by merely dividing 
the first figure of the divisor into the firsts or first two 
figures of the dividend. Thus, in the first division of the 
example given above, though 4 in 17 goes 4 times, yet 4587 
in 17465 will not go 4 times. Nothing but praotioe will 
enable a pupil to hit upon the correct number at once. 

Also, after each subtraction it must especially be noticed 
whether the rem' is larger than the divisor ; if so, the last 
figure in the quotient was too small, and a larger figure 
must be tried: or else either the last multiplication or 
subtraction was mcorrect. 

Ezs. 20. 

Find the required quotients in the foUowing Examples. 



1. 35689742+23. 

2. 1468920357 -i-29. 

3. 3689740125+37. 

4. 41562389075+39. 

5. 3875401267+41. 

6. 7649801325+43. 

7. 2607458913+47. 

8. 146892750438+53. 

9. 689432167 + 153. 

10. 4987531681+257. 

11. 1728956043+345. 

12. 8653219547+436. 



13. 9875426817+563. 

14. 14576148903+684. 

15. 3875421986+796. 

16. 45862175647+891. 

17. 16894321678+1531. 

18. 3459806546+4270. 

19. 98423614578+1094. 

20. 57302648192+4326. 

21. 451728954320+5783. 

22. 52198736929+68754. 

23. 10943268759 +43281 . 

24. 94544671038+96329. 



28. There is one kind of divisors with which, though 
greater than 12, we can yet divide in one line, as 10, 20, 
30, 40, 500, 800, 1000, &c. ; that is, the numbers 1 to 12 
followed by one or more ciphers. 

For instance, to divide 37458 by 20. Performing the 
operation by Long Division, we have the work as (F) : or 
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if we cut off the cipher in the 20^ and the last figure in the 
dividend^ namely 8^ the work would stand as in (G). 

20) 37458 (1872 2,0) 3745,8 (1872 

20 2 

174 17 

160 16 



145 (F) 14 (G) 

140 14 

58 5 

40 _4_ 

18 1 



And if the 8 which was cut off be now brought down to 
the last rem' 1^ we shall have the same quotient and rem' 
as in the former operation ; hence this second operation is 
correct, and we may thus put the work of (G) in the form 
of Short Division, 

2, 0) 3745,8 

1872 „ 18 rem'. 



where, in performing this division, we use the last rem' 1 
as though it were 10, and adding the 8 which was cut off, 
make the whole rem' 18. And this appears to be reason- 
able ; for since we have used the divisor 20 as though it 
were 2, therefore a rem' 1 is to be counted as 1 0. 

In like manner, if I divided by 200, or 300, 1 should cut 
off two figures from both divisor and dividend, and divide 
by 2 or 3 ; if by 2000, or 3000, 1 should cut off three figures, 
and divide by 2 or 3. If by 1000, I have only to cut off 
three figures from the dividend for a remainder, and keep 
the figures not cut off as a quotient. 

2,0 0) 387,59 1,00 0) 986,421 

193 „ 159 rem' 986 „ 421 rem' 



7,000) 5435,189 



776 „ 3189 rem' 
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EZ8. 21. Divide 

I. 38749102 by 10, 100, 1000. 
II. 258749157 by 20, 30, 40, 500, 6000. 
III. 78542963 by 900, 8000, 500,000. 

It was shown in (22) that the product of the numbers 
representing the length and breadth of an oblong or square^ 
in feet or inches, gave us the number of square feet or 
inches in the surface. So, also, if the number of square 
feet or inches in a surface, and the length of it, be known, 
the breadth will be found by dividing the surface by the 
length. Of course, if the breadth be given, the length can 
be found by dividing the surface by the breadth. 

Hence we know the following facts. 

Length x breadth = oblong surface. 
IJurfaoe -r length = breadth. 
Surface •+■ breadth = length. 

Ez8. 22. 

1. If there are 120 square inches in a surface, and it be J 2 inches long, 

how broad is it? 

2. There are 3625 square inches in the surface of an oblong slab, and 

it is 25 inches broad, how long is it ? 

3. A box measures 76 inches round, and its sides contain 2812 square 

inches, what is its depth ? 

4. The same box is 20 inches long, how many square inches in the top 

and bottom ? 

5. A board is 15 inches broad, how long must it be that there may be 

450 square inches in both its surfaces ? 

6. An oblong plantation contains 175 trees planted regularly one foot 

apart ; if it contain 25 in length, how many in breadth ? If 35 in 
length, how many in breadth ? 

7. How many feet round will the above two oblongs be ? 

Also, since 

Divisor x quotient + remainder = dividend, 
therefore, when any three of these quantities are known, 
the fourth one can be found. 

Exs. of this kind will be found below. 
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Exs. 23. 

% 

MISCELLANEOUS QUESTIONS INYO LYING THE 

SIMPLE BULES. 

1. What number subtracted from 35890101 will leave 67842 ? 

2. Divide 175 + 368 + 459 by 3685 - 3174. 

3. The product of two numbers is 387659 ; one of them is 6432; what 

is the other ? 

4. How much does 384501 amount to, when repeated 999 times ? 

5. There are two numbers, the greater of which is three times 3728, and 

the less is twice 1479, what is the difference ? 

6. The divisor is 35, the quotient 38975, and remainder 17, what is the 

dividend ? 

7. Twelve hundred and ten workmen receive among them in 3 months 

£18150 ; how much is that for each workman per month? 

8. How many fifties are there in five hundred and ten millions ? 

9. The sum of two numbers is 38976, and one of them is 3459, what is 

the other ? 

10. The sum of two numbers is 45873, and the greater of them is 31267, 

what is their product? « 

1 1. What is the difference between the 1 1th and 12th parts of 42768 ? 

12. If light travels at the rate of 192,000 miles per second; how far 

must the sun be from us, if his light is 490 seconds reaching us ? 

13. In a crew of 847 men, each man receives £3 a month ; how much is 

paid to the whole crew in 12 months ? 

14. If 7848 marbles are divided equally among 72 boys, how many will 

each have ? 

15. A field in the form of a double square is 75 yards broad, bow long is 

it, and how many square yards does it contain ? 

16. A wall is 120 bricks long, 17 high, and 3 thick, how many bricks 

does it contain ? 

17. In 27 bales of cloth, each containing 15 pieces, and each piece 15 

yards, how many yards ? 

18. Shew that the product of 3846 and 705 is equal to the quotient of 

51517170, when divided by 19. 

19. Write the above fact in figures and signs. 

20. The sum of 368979 and 335342 is equal to the sum of the products 

of 85 and 709, and of 11501 and 56. Give the value of these 
quantities, and write the expression in figures and signs. 

21. A book contains 215 pages, 55 lines in a page, and 45 letters in a 

line ; how many lines and letters in the book ? 

22. The 12th part of a number is 7563 ; what is the number itself? 

23. A certain number when divided by 75 is 8907 ; what is the ivw\s\W\'>. 
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24. The number 6742, when multiplied by a second number, becomes 

577)152, what is the multiplier? 

25. The dividend is 75992, the remainder 242, and the quotient 202 

what is the di\isor ? 

26. Express in signs these words, *' the difference between the quotients 

of 37200 divided by 496, and of 45696 divided by 238, is 117." 

27. If the quotient, divisor, and remainder be given, how do you find the 

dividend ? £x. Find the dividend, when the quotient is 345, the 
divisor 178, and remainder 27. 

28. If the dividend be 4487234752, and the quotient 64064, what is the 

divisor ? 

29. By how much is the sum of 13459 and 756 greater than the sum of 

1001 and 897 ? 

30. How much greater is the product of 1 894 and 325, than their sum ? 

31. From one million I take away 1000, and divide the remainder into 

25 equal parts ; how many in each part ? 

32. Fifty persons contribute 29 articles each ; forty others give 27 each; 

and ten others 17 each ; how many in all ? 

33. Express the result of 36 -i- 4 x 9 + 17. 

34. ^ From three thousand and one take 299 ; multiply the remainder by 

75 and 25 successively ; what is the result ? 

35. Write out in words, 184 + 36 - 201 + 99 = 245 - 83 + 49 - 93. 

What is the value of each of these equal quantities ? 

36. A book contains 275 pages of large type, with 35 lines in a page, 

and 45 letters in a line ; and 97 pages of small type, with 55 lines 
in a page, and 67 letters in a line ; how many lines and letters 
are contained in the book ? 

37. If the divisor be 375, the quotient 4685, and the dividend 1756976, 

find the remainder, without dividing. 

38. The Creation took place 4004 B.C. ; how many periods of 177 years, 

from that time to the end of the 60th year of the I7th century ? 

39. In a regiment consisting of 87*5 men, there are 5 officers to every 

120 privates; how many officers in all? and how many privates 
to one officer ? 

40. Explain the method of dividing by a number which is formed by the 

multiplication of two numbers, each less than 12. Shew how to 
form the complete remainder. 
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OBSERVATIONS INTBODUCTOET TO 

REDUCTION AND COMPOUND RULES. 

29. We have so far been dealing only with the numbers 
described in Arts. (1) to (9) ; that is^ with trAo/^ numbers; 
and the smallest number mentioned has been 1^ or unity 
We now come to numbers which are either less than 1 , or 
are between any two adjoining numbers^ as between 2 and 
3^ 7 and 8^ &c. Of this sort are the numbers which express 
the value of the familiar quantities^ seven pence halfpenny, 
two yards and three quarters, &c. Such numbers are 
caHed fractional. But as a complete explanation of frac- 
tions would be generally found too difficult for pupils who 
have only just mastered the simple rules, we shall therefore 
give the names and meaning only of those fractional 
quantities which are most commonly used in Reduction 
and the Compound Rules. They are one quarter; two 
quarters, or one half; and three quarters. These common 
divisions may be thus explained. 

g _ Take a line ABCDE, one inch long, and divide it 
into two equal parts at C. Next, divide AC into two 
equal parts at B, and CE into two equal parts at D. 
The whole line AE will now have been divided into 
-n 4 equal parts, AB, BC, CD, DE, which are com- 
monly called quarters. Also, if from A to B is one 
quarter, from A to C will be two quarters, from A to 
D will be three quarters, and from A to E will be four 
quarters, which make up the whole AE. The line AC 
which we see is two quarters, is generally called oxie-\i*^^« 

E 



D- 
C 
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Hence the three principal divisions to be remembered are 

one quarter, two quarters, three quarters, 

or, one-half, 

and they are thus written in figures : 

J, |. orj, 3. 



Thus^ 7i inches is read seven and a quarter inches, or 
seven inches and a quarter. 

If, instead of dividing one inch, I had divided one penny, 
or any other single article, into 4 equal parts, I should have 
written the fractional parts in precisely the same manner. 
Also, a penny has been divided into 4 smaller coins, called 
farthings : and since these 4 coins are qtuirters of 1 penny, 
therefore the word qrs,, which is short for quarters, is often 
used to represent farthings. 

Hence, since farthings are quarters of 1 penny^ we shall 
have 

1 far. or one qr. of a penny = | of a penny, 

2 far. or two qrs. „ = |, or ^ of a penny, 

3 far. or three qrs. „ = | of a penny. 

Instead of writing the words of a penny, as I have done, 
we write the letter d, ;* thus Jd. means one-fourth of a 
penny : and 7d. means 7 pence ; so 7f d. means 7 pence 
and 3 quarters of a penny, or 7 pence three farthings. 

30. A quantity which consists of several kinds or de- 
nominations is called a Compound quantity. Thus, 25 
pounds, 14 shillings, and 3 pence, is called a compound 
quantity ; and it is written thus ; £25 i4s. 3d. ; a space 
being placed between the pounds, shillings, and pence, 
that they may be kept distinct. 

* This letter d is the first letter of the latin word denariWf the Roman |Wfmy, as it 
is spmetimes called ; but the coin was in reality equal to about 7} pence of our money. 
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REDUCTION. 

PART I. 

31. Reduction is the changing of quantities which are 
expressed by numbers^ from one or more denominations, 
to one or more others, so that the actual values of the 
quantities shall remain unaltered. 

Before the method of performing these changes can be 
understood^ it is necessary for the pupil to learn what are 
called the Tables of Money^ Weights, and Measures. 
We give one of the simplest for the sake of working ex- 
amples with it. 

2 farthings = 1 halfpenny, or ^. 

2 halfpence ) , , , 

or 4 fartLgt [ = ^ P"""?' " "• 

12 pence « i shilling, or Is. 

20 shillings = 1 pound sterling, or £1. 

32. As an Example of the process of reduction^ let it be 
required to reduce £50 to shillings. 

Now we know that £1 contains 20 shillings ; therefore, 
for every pound in the £50 we must have 20 shillings; 
that is^ we must have in all 20 times ^ 

as many shillings as we have pounds^ ^ 

or, 20 times 50 pounds. If, then, we looo"8hillings. 

multiply the £50 by 20, we have as == 
the product the number of shillings in £50, namely 1000. 
The work will be as above. 

Again^ if it be required to reduce the £50 to pence ; 
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then, since there are 12 pence in 1 shilling, there will he 
12 times as many pence as there are £ 

shillings. We have already seen that ^ 

there are 1000 shillings in £50. If, Tooosh. 

therefore, we multiply the 1000 shil- 



12000 d. 

lings by 12, we shall have a product of -== 

12000, which is the number of pence in 1000 shillings, or 
in £50. 

And if we had further to reduce the £50 to farthings ; 
then, since there are 4 farthings in 1 penny, if we multiply 
this 12000 pence by 4, we shall have 4 times as many 
farthings as pence, or 48000 farthings in the £50. 

The whole work of the above example ^ 
is represented in the margin ; and it 20 
teaches how to reduce quantities of a ^^ sh. 
higher name, as pounds, to quantities 12000 d. 
of a similar kind, but a lower name, as 1 

-, .■,■,. J « ^, . 48000 far. 

shillings, pence, and farthmgs. :=r 

33. In like manner, if we had to reduce any other 
quantity, as tons, to any lower denominations, as hundred- 
weights, quarters, pounds, &c., we should multiply by the 
numbers given in the Tables which join the successive 
denominations. Thus, in reducing tons to hundred weights, 
the multiplier is 20, because there are 20 cwts. in 1 ton ; 
from hundred weights to quarters, the multiplier is 4, since 
there are 4 quarters in 1 cwt. ; from quarters to lbs. it is 
28, since there are 28 lbs. in 1 quarter ; and so on. 

Exs. 24. 

1 . Reduce £75 to pence. 

2. Reduce £135 to farthmgs. 

3. Reduce 520 guineas to pence. 

4. Change 1075 moidores to pence. 
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^ 5. How many farthings in a £10 note P 

6. Reduce 15 cwt. to ounces. 

7. Reduce 1 3 tons to drams. 

8. How many drams (Apothecary) in 15158. ? 

9. Reduce 17 lbs. Troy to pennyweights and grains. 

10. Reduce 750 yards to nails. 

1 1 . How many seconds in five weeks ? 

12. Find the number of sheets of paper in 755 reams. 

34. Sometimes the quantity given to be reduced is a 
compound quantity^ as £25 13s. 6id.^ to be reduced to 
farthings. 

Here we proceed to multiply by 20^ 12^ and 4^ as in the 
Example just worked ; but when we reduce to shillings^ we 
add the i3s. into the line of shillings ; so, in reducing to 
pence^ we add the 6d. to the line of pence ; and lastly, we 
add the 3 farthings into the line of farthings. The whole 
work will be most easily understood as in (£), but we 
commonly write it as in (F). 



£ 8. d. 
25 13 6| 

20 




£ s. d. 
25 13 6j 

20 


513sh. = £25 13s. 
12 




513 sh. 
12 


6162 d. = £25 13s. 
4 


6d. 


6162 d. 
4 


24651 f. = £25 13s. 


6|d. 


24651 f. 



(E) 12 12 (F) 



And in like manner for any other compound quantity. 
Hence, for reducing quantities to a lower denomination, 
we have this 

Rule. Multiply the highest denomination by the number 
given in the tables as connecting it with the next lower ; 
and if in the quantity to be reduced, there be any units of 
this lower denomination, add them to the product ; repeat 
this step for every succeeding denomination, till the quan- 
tity is reduced to the required name. 
b2 
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Ex8. 26. 

1. Reduce £75 15s. 6d. to pence. 

2. Reduce 19 guineas 18s. 7 id. to farthings. 

3. Convert 157 moidores 13s. 4d. to pence. 

4. Change 3255 crowns 2s. 6|d. into pence and iarthings. 

5. How many drams in 3 tons cwt. 2 qrs. 17 lbs. 14 oz. 5 dra. f 

6. How many grains in 17 lbs. 3 dwts. 15 grains ? 

7. Express 75 gals. 3 qts. 1 pt. of wine in half pints. 

8. Change 175 lbs. 7 oz. 3 drs. 2 scr. into scruples. 

9. In 117 sacks llpks. I gal. 3 qts., how many quarts? 

10. Reduce 377 Eng. ells 4 qrs. 3 nls. to nails. 

1 1. How many minutes in 365 days 5 hrs. 48 min.? 

12. Find the number of poles in 817 mis. 5 fur. 25 poles. 

35. Ex. in. Reduce £315 15s. 4d. to crowns and two- 
pences. Here, the denominations are not those usually 
found in Tables of Money ; but since we may observe that 
there are 4 crowns in £1, and 30 twopences in one crown, 
we therefore multiply, first by 4, and then by 30. 

Also, since in 15s. there are three crowns, I add this 
15s. into my first product, viz. of crowns, not as 15, but 
as 3 : and in the next product, viz. of twopences, I add the 
4d. not as 4^ but as 2. The work is 

£ 8. d. 
315 15 4 
4 

1263 crowns 
30 

37892 twopences. 

Exs. 26. 

1. Reduce £345 15s. to crowns. 

2. Change £5001 17s. 6d. to half-crowns. 

3. Convert 1755 guins. 198. 6d. to sixpences. 

4. How many groats in £371 18s. 8d. ? 

5. What number of twopences shall I receive for 175 moid. 23s. lOd. ? 

6. How many parcels of 4 oz. in 17 cwt 2 qrs. 17 lbs. ? 

7. Bring 3 weeks 6 days 19 hrs. into spaces of 10 minutes. 

8. How many parcels of 6 sheets are contained in 175 reams 15 quires 

of paper ? 

9. Find the number of quarter gallons in 3hhds. 29 gals. Iqt. of wine. 
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10. Reduce 1 15 cwt. 974 ^'^s. to parcels of 8 oz. 

11. How many spaces of 4 inches in 1 mile 750 yds. 8 in. ? 

12. Reduce 1355 £ng. ells 3 qrs. 4| in. to half quarters of a yard T 

All these Examples have required only multiplication^ 
because in ^very case we had to change our larger coins 
into smaller^ and therefore we required more in number. 
Hence we multiplied. 

36. Now let it be required to perform an operation of 
reduction just the reverse of that employed in the above 
Examples ; for instance^ 

Ex. IV. To reduce 1225 farthings to pounds. 

Since 4 farthings = 1 penny, we shall have but 1 penny 
for every 4 of the 1225 farthings; therefore the whole 
number of pence therein will be found by seeing how often 
4 is contained in 1225^ that is, by dividing it by 4 ; and 
we find that there are 306 pence, and a remainder 1, which 
is of course 1 farthing, or Jd., since it is one of the 1225 
farthings. 

Again, if it be required to bring the 1225 farthings, or 
306 pence, to shillings; since there will be only one shilling 
for every 12 of the pence, we shall obtain the number of 
shillings in 306 pence by dividing the 306 by 12; this 
gives 25 shillings, and a remainder 6, which is of course 6 
pence. If we wish to reduce to pounds, we have in like 
manner only 1 pound for every 20 shillings, and must 
therefore divide the 25 by 20 : this gives a quotient £ 1 , 
and 5 over, which is 5 shillings. The complete quotient, 
with all the remainders^ is £1 5s. 6id. The operation 
stands thus. 

farthings 
4) 1225 

1 2) 306 ^d. 

2,0) 2,5 6d. 

£1 5s. e^d. 
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37. If the quantity given to be reduced were of any 
other name^ — as ounces avoirdupois^ to be brought to 
cwts., — ^we must first divide by 1 6, to bring ounces to lbs., 
since 16 oz. = 1 lb. ; then by 28, to bring lbs. to q[uarters, 
since 28 lbs. = 1 quarter ; and lastly by 4, to brmg quarters 
into cwts., since 4 qrs. = 1 cwt. 

Hence, if we have to reduce a quantity from a lower 
denomination to a higher, we have this 

Rule. Divide the proposed quantity by the number 
which is given in the tables, as connecting it with the next 
higher name ; and place the remainder, if any, on a line 
with the quotient, and with its name attached to it. Per- 
form similar operations of division, till the quantity is 
reduced to the required name. When the last quotient is 
obtained, bring down in a line with it all the remainders in 
their proper order, beginning with the highest in value. 

Ex8. 27. 

J . In 34758 pence, how many pounds ? 

2. In 75389 farthings, how many guineas ? 

3. Change 137456 pence for moidores. 

4. How many lbs. Troy in 756843 grains ? 

5. Reduce 2374598 seconds to days and weeks. 

6. In 41063897 drams, how many tons ? 

7. What number of quarters is contained in 7410683 pints ? 

8. How many days in 89765321 seconds ? 

9. Reduce 7589432 pints of wine to hogsheads. 

10. Reduce 13897564 minutes to years. 

1 1. Find the number of lbs. Apoth. in 38596 grains. 

12. How many barrels of ale in 47891 half pints ? 

38. Sometimes, as in Ex. V., the denominations given 
or required may not be those generally found in the tables : 
we have then only to find the divisors which connect every 
two successive denominations^ and be careful to observe 
the nature of the remainders. 
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Ex. V. Reduce 38975 groats to crowns and pounds. 

Here, since 3 groats = 1 shilling, I must first divide bj 
3, and the remainder mil be groats. Also, since 5 shillings 
= 1 crown, I must next divide by 5, and the remainder will 
be shillings. And, since 4 crowns = £1, I must next 
divide by 4, and the remainder will be crowns. 

The work is as follows. 

groats 
3) 88975 

5 ) 1299 1 2gr. 

4) 2598 Ish. 

£649 2cr., or £649 2 cr. 1 sh. 2 groats. 



We have two answers, £649 lis. 8d., or 2598 cr. Is. 8d. 

Exs. 28. 

1 . Change 34275 groats into moidores. 

2. How many crowns in 145893 farthings ? 

3. How many sixpences and half-crowns in 58976 farthings ? 

4. Change 34589 half-crowns into pounds. 

5. Convert 148235 twopences into moidores. 

6. Change 348796 groats into seven -shilling pieces. 

7. Change 38976 drams (Avoirdupois) into portions of 7 lbs. each. 

8. How many spaces of 3 hours are contained in 49539600 seconds ? 

9. In 458976 parcels of 4 sheets of paper, how many reams ? 

10. How many measures of 3 hogsheads are contained in 48976 pints of 

wine? 

11. In 654321 parcels of 8 oz., find the number of cwts. 

Note. If a pupil, in attempting an Example in reduction, 
be in doubt whether to use the first or the second Rule, 
that is, whether to multiply or divide, he must remember 
that he has only to ask himself one question : Will the 
answer which I have to find be a number greater or less 
than the number which I have to reduce P If it is to be 
greater, I must of course multiply ; if less, I must divide. 
Thus, to bring £10 to farthings, I must of course multiply, 
because there wiU plainly be more farthings than ten in 
£10; and if I have to reduce 1250 pence to pounds ^ I 
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must divide, because there are eyidently fewer pounds than 
1250, in 1250 pence. 

39. In some of the Elxamples under weights and mea- 
sures we shall find it necessaiy to multiply and divide by 
such quantities as 5i, and 30}. 
I will give an Example of each of such cases. 
Ex. VI. Reduce 3 fur. 17 po. 2 yds. 1 ft. to feet 

The first multiplication 
3^f. 17 p. 2y. ift. by 40 is quite plain. Now 

137 po. to multiply a quantity by 

-^' 5i is to repeat it 5 times 

i of 137 = 68^ and half a time ; therefore 

''^« y^^' 6i times 137 will be found 

2367"^ feet by multiplying the 137 by 

5, and then adding to this 
product one half of 137 : thus working, and adding in the 
2 yds., I obtain 755^ yds. as the whole product. In bring- 
ing these yards to feet by multiplying by 3, I remember 
that the | yd. is 1 foot and a half; so adding it in, as well 
as the 1 foot in the top line, I obtain 2267^ as the number 
of feet in 3 fur. 17 po. 2 y. 1ft. 

Had the multiplier been 5i, instead of 6i, then instead 
of taking one-half of the 137, I should have taken one 
quarter. The foDowing Example will illustrate this. 
Ex. VII. Reduce 3 ro. 23 po. 14 sq. yds. to square feet. 

3ro. 23po. Hsq.yds. Multiplying by 4, and 

J2. 30i, I obtain 4339* square 

30^ ' yards ; and since the | sq. 

4304 yd. is equal to 64 square 

iof 143- 35| ' ^^ .. . .: 

' 43391 sq. yds. ^®®*' ^ ^*^« ^^^^ it m aS 

9 6f , when multiplying by 9 

J^* '**• ^ to reduce to square feet. 
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40. Now let it be required to divide by these same num- 
bers 5i and SOi* The following Examples will require 
such divisions. 

Ex. Vni. Reduce 384976 feet to furlongs. 

fy^ Here, proceeding to re- 

8) 884976 ^^^g ^ yards, poles, and 

5i) 128325 1ft. . , ^ ' 1 T A- 

2 2 iurlongs successively, I di- 

T I) 256650 vide by 3, 5h and 40. 

4,0)2333,1 Qbf.yds. m, n 4. a 1 

ftOQo 1 1 L ^ 1 , J 1 u The first division is simple. 

583 fiir. 1 1 pp. 4^ yds. 1 ft. ^ 

-===========- In the second division I 

have to see how often 5^ yds. are contained in 128325 yds. 
Now I cannot divide by 5i, as it stands ; but if I bring 
both divisor and dividend into half yards, viz. 11 and 
2M650, it will be precisely the same, whether I see how 
often 5iyds. are contained in 128325 yds., or 11 half yds. 
in 256650 half yards. 

Performing the division, I have as quotient 23331 poles ; 
and because the dividend 266650, was half yards, therefore 
the remainder 9 was 9 half yards, or 4iyds. Dividing as 
usual by the 40, to bring poles into furlongs, I have the 
complete answer 583 fur. 1 1 po. 4^ yds. 1 ft. 

41. The following Example will show how to divide by 
30i, and will need no explanation. 

Ex. IX. Reduce 785447 sq. feet to acres. 

sq. feet, 
yds. 9 ) 7a5447 
30^ 87271 8 sq.ft. 
4 4 

l2rqrs.f^^ )^^9084q r8. 

t 1 1) 31734 10 ) J2Q quarters, or 30 yds. * 
4,0 ) 288,4 10/ ^ ' ^ 

4) 72 4 poles 

1 8 ac. ro. 4 po. 30 sq. yds. 8 sq. ft. 

* The reader who is acquainted with fractions will perceive th«](. \!ti\% T&!«iOck.Q^\% 
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Ez8. 29. 

1. How many square inches are contained in 3 ro. 35 po. 25 yds. 8ft.? 

2. Reduce 15 m. 7 fur. 8 po. 3 yds. to yards. 

3. Convert 185 degrees of 69^ miles into yards. 

4. In 1815 coins, each worth 5^ guineas, how many pence ? 

5. Convert 37584 dollars, each worth 4^ shillings, into half]pence. 

6. Convert 60000 barley corns into fathoms. 

7. In 37589 inches, how many fathoms ? 

8. Reduce 13859 yds. to miles. 

9. How many leagues in 478321 feet ? 

10. How many acres in 349876 square poles? 

1 1 . Reduce 6897543 square inches to roods. 

12. In 4596328 perches, how many square miles ? 

42. But there is another class of Examples in Reduction 
which require both the above processes of Multiplication 
and Division to be used in the same question. As a simple 
Example of this kind^ let us take 

Ex. X. To reduce 1000 guineas to pounds. 

Now this question really is; "How many times is £1 
contained in 1000 guineas ?" To answer this, I must 
divide 1000 guineas by £l : but I cannot do this, till I 
bring both divisor and dividend to the same name. The 
highest coin of which they both consist is shillings ; I 
therefore reduce them both to shillings and then divide. 

The operation is most clearly shown thus, — 

goineas. 
1000 
21 



£1 1000 

20 2000 

2,0sh.) 2100,0sh. 



]050pouq4s. 



idnatical with that pursued in division of fractions. 

87271 87271 x 4 
Thus, 87271 yds. + 30i = -jgf-PO* = — 121 ^* 

349084 j^ 



isr^--»Mgp«. 
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43> In this Example we have had to reduce the given 
quantity, guineas, and the required quantity, pounds, only 
one step, — namely, to shillings. But sometimes the num- 
bers will require to be reduced more than one step, as for 
instance, if it be required to change this 1000 guineas 
into half-crowns. 

gaineas. I havc hcrc to see how often 

21 a half-crown will go in 1000 

1000 guineas. Since 1000 guineas 

2 6 21000 h ^^^ ^ half-crown both exactly 

12 ^12 consist of pence, I bring both 

JljOpence) 25200,0pence. ^^ ^^ ^y^ become 

8400 hf. crowns. , , , 

= 252000d. and 30d. Dividing 

the greater by the less, I have as quotient 8400« which is 
the required number of half-crowns. 

g^^^ Again, since 2s. 6d. and 

1000 1 guinea both consist of six- 

2 6 21000 sh. fences, I might have reduced 

^ ?. them both to sixpences, in- 

5sizp.) 42000 sixp. i. j i» j .i i 

•== QAnn^ .c stcad of pcncc, aud thc work 

8400 hf. crowns. ^ ' 

would then have been shorter. 

For such Examples, we may therefore lay down the 
following 

Rule. Find the greatest denomination or kind of which 
both quantities exactly consist ; reduce them both to that 
denomination, and divide the greater by the less. 

44. I give one more Example of this kind, on account 
of the difficulty that pupils sometimes have in applying the 
above Rule. 

Ex. XI. In £453 16s. 8d., how many pieces of coin, 
each 3s. 4id. P 

F 
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Here the coin or denominatioii of which both the quan- 

£ 8. d. tities consist is half- 

453 16 8 T xu r 

20 pence. 1 therefore 

8. d. 9076 sh. reduce both to half- 

3 4i 12 J u I. 

12 | og92o d. pence, and, as before, 

iod. 2 divide the larger 

_2^ / 9) 217840 hf. pence. number by the small- 

81 hf. pence- 9) 24204 4) „, , - ,„ 

"^^ I 2689 3 J '*®"*^®' ®^' ^^^ remainder 

^^""""^ 31 must of course be 

half-pence ; so that the required number of coins is 2689 ; 
and I6id. remain. 

Ex8. so. 

1. In £50 15s. 6d., how many coins each 4s> 6d. ? 

2. Reduce 175 guineas to pieces each worth 2s. l^d. 

3. Find how many coins of 6s. 8d. can be obtained out of £217 19s. 8d. 

4. I exchange 375 pieces of 7s. 6d. each for coins worth 22s. 9d. each; 

how many shall I obtain ? 

5. Divide 1875 yds. 3 qrs. into pieces, each 3^ nails ? 

6. How many portions of 1 J oz. can be obtained from 1 cwt. 1 qr. 61b8 ? 

7. What number of intervals of 2^ feet are there in 1 mile 800 yds. ? 

8. Find how many intervals of 19^ seconds there are in a week. 

9. How many distances eaah If furlongs in a degree? 

10. Convert 375 Eng. ells into portions of 4^ inches. 

11. How many subscribers of 27s. 6d. each will be required to raise 

£1925. 

45. We have now given Examples of all the principles 
which we need learn in order to work any question in 
Reduction; but there are such various forms in which 
Reduction can occur, that it will be advisable to work 
some additional questions which will illustrate the diffi- 
culties. It is better, however, to defer these questions till 
after the Compound Rules are mastered, because in many 
of them a knowledge of these rules is of use; also, the . 
pupil will, by his increased experience, be more able to 
contend with difficult examples. 
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ADDITION OF COMPOUND QUANTITIES, OB 

COMPOUND ADDITION. 

46. In adding Compound Quantities^ we must remember, 
as in Simple Addition, that like quantities must be added 
together, as farthings to farthings, pence to pence, and so 
on. 

Hence, if it be required to find the sum of any compound 
quantities, as £73 2s. 9id.; £26 8s. 4fd.; £68 3s. Hid. ; 
£76 17s. 7d.; £5 14s. 5id.; we must place the quand- 
ties under one another so that the farthings may be in a 
row, as also the pence, shillings, and pounds : and the 
sum will stand thus : 

Beginning at the right-hand 
column, and adding the far- 
things, we find their sum to be 
9 : this, by reduction to pence, 
gives 2 pence and 1 farthing 
. over: put down the 1 farthing 
(thus, \) and carry the 2 pence 
to the next column, which consists of pence. Adding it, 
as in Simple Addition, we find its sum to be 38 pence, 
which by reduction gives 3 shillings, and 2 pence. Put 
down the 2 pence, and carry the 3 shillings to the next row 
which consists of shillings. Adding again, we fiiidtk<^ xq^sh 



£ 


s. 


d. 


73 


2 


n 


25 


8 


4| 


68 


3 


"i 


76 


17 


7 


5 


14 


5f 


249 


7 


2i 
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of shillings to amount to 47 shillings^ or, by redaction, to 
2 pounds, 7 shillings : put down the 7s. and carry the £2 
to the next column, which consists of pounds. The sum 
of this last column we find to be £249 ; place this under 
the pounds. The complete answer is therefore, 249 pounds 
seven shillings and twopence farthing, or £249 7s. 2id. 

47. The method would be precisely the same, if the 
quantities to be added were expressed in any other table, 
weight, or measure ; only that, in carrying from any column 
to the next, we should have to use the redactions proper 
to the denominations we were adding : and the method of 
performing these reductions has been explained under the 
head of Reduction. 

Hence, for adding together compound quantities, we 
have this 

Rule. Arrange the quantities under one another, so that 
all those of the same kind may be in upright rows. Begin 
at the right-hand, and find the sum of the first row, as in 
Simple Addition : see how many units of the next higher 
name are contained in the sum, put down the remainder, 
if any, and carry those units to the next row ; proceed in 
like manner with each column to the end, and the sum of 
the last column to the left write down in full. 

EX8. 31. Find the value of 

£ ». d. £ 8. d. £ ». d. £ s, d, 

1. 16 8 9J+ 1106 19 7i+ «15 10 + 3 8 7| 

+ 5 6 8i+ 1415 5 2|. 

2. 858 7 6^+ 1984 19 11^+ 347 5 9^+ 3426 17 10 
+ 549 9 9|+ 1685 12 8|. 

3. 345 7 9i+ 685 11 2 +3899 14 11|+ 7645 8 7^ 
+ 598 19 2J+ 1386 7 4. 

4. 3476 8 9^ + 11063 10 9 +9876 15 11)+ lOOIO 3 Of 
+ 7856 16 7i + 15892 18 8|. 
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£ s. d. £ s. d. £ 8. d. £ s. d. 

5. 13487 12 2 + 9875 18 9^+ 34267 5 6^+ 1899 9 9} 

+ 24682 11 7^+ 13897 15 9. 

6. 89645 13 3 +745627 19 7^+ 99314 16 5^+ 3875 11 
+ 45683 16 8 + 1976 14 5. 

7. 38076 5 4J+ 7043 17 9 + 689 16 4f+ 14582 9 IH 
+ 38764 17 10 + 429 19 9i+ 1080 7f. 

8. 41987 16 7 +112785 14 3^+ 98979 19 8|+ 4568 16 11} 
+ 3897 17 3i+ 31456 11 + 4289 7 3i. 

9. 10689 15 6 + 39345 8 9|+ 4786 13 7 +98764 14 3} 
+ 111468 17 lli+ 3487 19 10^+ 87562 17 7. 

10. 67489 10 71+149876 19 9+348754 17 4^ + 689 11 OJ 
+ 87532 9 11 + 4986 1 7|+ 15019 3 6^+ 875 10 10 

LONO MEASUKE. 

yds. it. in. b.e. jrda. ft. in. b.c. ydi. ft. in. b.c. yda. ft. in. b.e. 

11. 5292+ 16 111 1 + 18 070 + 25 1 82 + 
17 2 6 1 + 6 2 9 0. 

12. 75 2 11 2 + 187 9 1 + 34 1 8 + 93 2 7 1 + 
106 1 4 2+ 85 2 6 1. 

mis. yds. ft. in. mb. yds. ft. in. mis. yds. ft. in. mis. yds. ft. in. 

13. 185 25 2 7+ 17 809 1 8 + 361 73 11+95 145 2 4 
+ 84 698 2 3+ 603 45 2 9. 

14. 684 116 2 6 + 1785 385 I 8 + 907 47 10 + 64 903 1 9 
+ 7832 86 7+ 986 345 2 5. 

for. po. yds. ft. ftir. po. yds. ft. tvar. po. yds. ft. tar. po. yds. ft. 

15. 37 35 3 2+ 18 17 U 1 + 109 30 4^ 2+ 75 29 2 1 
+ 1846 18 3^0+ 49 4 4^ + 168 31 3 2. 

16. ia5 15 4 1+ 76 25 3 2 + 349 35 2 + 608 17 1 
+ 705 19 5 2 + 986 23 3 2 + 432 11 2 0. 

TROY WEIGHT. 

lbs. OS. dwts, grs. lbs. os. dwts. grs. lbs. ox. dwts. frs. Ibc. ox. dwts. gn, 

17. 17 5 16 20+ 135 8 15 19+ 89 9 19 23+ 604 11 7 7 
+ 73 7 10 18+ 496 10 13 19. 

18. 345 11 17 21 + 1029 9 18 17 + 687 8 4 19 + 4321 5 7 14 
+ 864 4 9 3+ 387 2 11 12. 

f2 
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lb*. OS. dwts. gn. lbs. os. dwta. gn. Um. oi. dwts. gn. On. oi. dwt*. gn. 

19. 879 4 17 15 + 1000 10 6 11+ 754 9 18 17 + 16 11 19 5 
+ 1910 7 13 .9+ 875 8 5 14. 

20. 715 11 17 19+ 684 9 18 5 + 1932 8 14 16 + 45 7 15 22 
+ 507 4 13 20+ 18 11 17. 

AVOIRDUPOIS WEIGFHT. 

Ibt. OI. dn. Iba. oi. dn. lb«. ok. dn. Ibt. os. dn. Um. oi. dn. 

21. 101 8 2+ 74 12 4+ 53 10 6 + 20 14 9+ 63 13 13 + 

39 7 15 + 103 9 7. 

22. 75 3 11 + 176 1115 + 819 14 14 + 47 9 3 + 160 7 11 + 
918 15 8 + 456 10 9. 

ewts. qn. Ib«. os. ewta. qrt. Ibt. os. ewte. qn. Ibt. ot. ewU. qn. Dw. os. 

23. 15 3 27 15+ 175 2 25 13+1987 1 13 11 + 432 19 9 + 
375 3 16 7 + 1689 2 18 8. 

24. 350 3 16 9+ 75 2 15 11+ 917 1 25 15 + 6542 23 13 + 
689 2 27 10+ 750 3 20 14 + 1897 2 20 12. 

toni cwta. Iba. os. tons ewts. Iba. oa. tona ewts. lbs. os. tons ewta. lbs. os. 

25. 75 19 17 14+ 389 14 63 13 + 2648 15 97 12+ 750 9 100 11 
+ 684 8 15 7 + 3968 7 45 8+589 6 111 10+ 642 18 87 9 

26. 387 17 45 9+ 49 18 75 15+604 3 89 14+ 138 15 3 11 
+ 1796 8 10 7+ 423 9 44 8+ 897 11 101 3 + 1145 19 19 2 

APOTHECABIES' WEIGHT. 

OS. dn. ae. gn. os. dn. so. gn. os. dn. ae. gn. os. dn. ac. gn. 

27. 11 7 2 19+ 8 6 1 17+ 9 4 13 + 17 I 11 + 
35 3 2 8+ 86 2 9+ 97 1 1 12. 

28. 17 5 17 + 139 7 2 18+44 6 110 + 65 3 19-r 
63 2 2 11+245 1 1 13+178 14. 

ba. oz. dn. ac Iba. oz. dn. ae. Iba. os. dn. ae. Iba. os. dn. ae. 

29. 117 11 6 2+ 73 10 7 1 + 1094 6 5 2+ 685 4 3 I 
+ 734 11 4 0+ 99 3 2 1+ 108 9 1 2. 

30. 375 9 7 2 + 649 4 6 1+ 832 11 3 + 1048 8 7 I 
+ 756 7 5 2+ 89 6 4 2+ 635 5 2 0. 

CLOTH MEASURE. 

yda. qra. nls. in. yda. qn. nla. in. yds. tgn. ah. in. yda. qr. nl. in. 

31. 15 3 2 2+ 75 2 3 IJ + 389 2 2 + 60 1 1 If 
;4 3 2 + 175 3 2 Oi + 87 I 3 1|. 
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yds. qn. ak. ia. jrda. qn. ala. im. jrda. qn. nla. is. yds. qn. nL fa. 

32. 375 3 2 H + 408 2 3 2 +96 1 U+235 1 2 

87 2 3 01+591 3 2 U+62 1 1. 

WINE MBASUKE. 

likdi. gals. fts. pU. UuU. (ils. qt«. pto. Uidt. gaU. qts. pU. hlid*. gals. qta. pU. 

33. 60 45 2 0+ 3 36 3 1 + 14 7 2 0+ 28 60 1 1 + 

0+ 14 37 2 1+ 5 25 1 0. 

34. 45 15 3 + 236 45 2 1+87 57 1 0+ 95 16 3 + 

1+64 19 3 + 93 27 

35. 15 50 2 0+175 53 1 1+64 49 3 1+815 7 2 1 + 
76 18 1 0+193 25 3 1 +42 37 

36. 75 35 2 1 + 137 43 1 1+94 17 3 + 216 9 1 1 + 
189 51 2 0+ 76 19 3 + 39 24 1. 

ALE AND BEEB MEASUBE. 

liSiida. gah. qto. pU. hhda. gals. qts. pts. bhds. gals. qts. pts. hhds. gala. qts. pti. 

37. 236 45 2 1+45 15 3 + 87 50 1 + 115 7 2 + 

95 16 3 1+64 19 3 1+93 27 2 0. 

Ulds. Imt. UL gals. khds. bar. UL gals. hhds. bar. kil. gals. hhds. bar. UL gala. 

38. 17 1 1 14+85 li 0| 15 + 193 Of U 9 + 207 1 1^6 + 
79 Oi U 17 + 101 8. 

SQUABE MEASUBE. 

ae. TO. po. yds. ae. ro. po. yds. ae. ro. po. yds. ae. ro. po. jd». 

39. 75 3 19 7+ 329 2 25 18+ 4869 1 16 6 + 459 35 5 
+ 78 2 18 4+ 385 1 17 3+ 1217 18 2|+ 876 3 19 3 

40. 118 2 11 25+ 457 3 39 17 + 11892 7 4 +8972 1 27 20 
+ 3145 1 37 30 + 9864 2 19 10+ 4382 3 20 15i h 4 3 2 2^ 

sq. m. ae. jrds. iq. m. ae. jrds. iq. m. ae. yds. sq. m. ae. yds. 

41. 1358 345 3758 + 964 27 897+ 875 495 1684 + 4809 605 329 
+ 293 87 401+687 327 2348+5904 95 3729 + 1873 119 495 

CUBIC MEASUBE. 

soLyds. ft. in. sol. yds. ft. in. soLyds. ft. in. sol. yds. ft. in. 

42. 387 18 1000 + 9126 25 895+ 45 7 1643+ 821 19 27 
+ 3437 11 5+ 89 6 1519 + 1000 26 372. 

43. 4186 15 874+ 379 9 910+ 25 18 a5 + 5804 6 1681 
+ 1427 11 25+983 10 984+ 467 17 39. 



66 COMPOUND SUBTRACTION. 



PAPEB. 

nun qnL shta. raum q[aL ahta. >«■■■ foL ■kti. tann qoL ■hto. 

44. 75 19 23+ 468 7 17 + 1937 16 18+ 46 11 5 + 
289 9 19+ 310 8 22+898 13 21. 

45. 875 18 17 + 9832 5 18+ 459 19 20+1684 11 5 + 
359 10 19+1875 15 21+ 348 15 23. 
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48. Here, as in Simple Subtraction, the quantities to be 
subtracted must be taken from others of the same kind ; 
and, therefore, we arrange the two quantities as in Com- 
pound Addition, putting the less under the greater. 

Ex. Let it be required to find the difference of £325 

19s. 4fd. and £253 7s. 6Jd. 

Placing them as we have just directed, and beginning at 

^ , ^ the right-hand, we take ^. or 

325 19 4| 2 farthings from |d., or 3 far- 

2o3 7 o J 

■£72 n ioj" things, and the difference 1 

==~ farthing, or |d., we put down 

under the column of farthings. Proceeding to the pence, 
we cannot take the 6 pence in the lower line frt)m the 4 
pence in the upper : we must, therefore, borrow, as it is 
called, from the next higher name, which is in this case 
shillings; we take 1 shilling, or 12 pence, from the 19 
shillings, and add it to the 4 pence in the top line, making 
16 pence ; we now subtract the 6d. from the 16d., and have 
the remainder lOd., which is to be placed under the column 
of pence. And when we have borrowed in any subtraction, 
we must for the reasons given in Simple Subtraction, carry 
one to the next row to the left, and then subtract. We 
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shall thus subtract 8s. from 19s., and have a remainder lis. 
In the pounds, we find the difference of the two rows, pre- 
cisely as in Simple Subtraction, to be 72. Hence the whole 
difference is £72 lis. lOid. 

49. The same alterations must be made in performing 
the subtraction as are made in Compound Addition, when 
the compound quantities consists of any other kind than 
money. Thus, in subtracting the pence, in the above Ex., 
we borrowed 12 pence, because 12 pence = 1 shilling ; so, 
if the Example had been in Avoirdupois weight, and while 
subtracting in ounces, we were obliged to borrow, we 
should have borrowed 16, because 16 ounces make 1 pound, 
which is an unit of the next higher name. And similarly 
for any other weight or measure. 

Hence, if it be required to find the difference of two 
compound quantities, we have this 

Rule. Place the less number under the greater, so that 
quantities of the same name may be under one another. 
Begin at the right-hand, and take the lower number from 
the upper, if possible ; but if the lower number be greater 
than the upper, take one unit of the next higher name, 
reduce it to the denomination in which you are now sub- 
tracting, add it to the upper figure, and then subtract, 
placing the difference underneath. Carry 1 to the lower 
figure of the next name, and proceed in exactly the same 
manner to the last figure on the left-hand. 



Exs. 32. 





£ ». d. £ ». d. 




1. 


85 9 7i - 75 16 9 


5. 


3. 


432 19 8 - 375 Hi 


6. 


3. 


1827 5 6 -1103 18 9^ 


7. 


4, 


4268 19 - 575 19 10^ 


8. 



£ s d. £ 8. d. 

8972 18 6i - 4389 10 8| 

18759 11 9 -9867 18 7i 

38974 15 6 -9368 16 lU 

14589 11 9i-7892 10 llf 
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£ 8, d, £ 8. d. £ 8. d. £ 8. d. 

9. 45860 3 6^-8977 7 10^ 11. 897654 18 11-69596 18 11^ 

10. 46932 17 -7145 18 7^ 12. 1489765 14 8-13609 17 9^ 

TKOY WEIGHT. 

Ibt. oi. dwU. tn. Iba. os. dwta. gra. 

13. 175 1 16 13 - 89 10 13 20 

14. 8345 6 17 9-689 4 18 21 

15. 5689 4 13 11 - 3870 8 9 17 

16. 14896 8 11 10 - 9738 10 16 23 



AVOIRDUPOIS WEIGHT. 



tou ewtt. qn. Um. toa* cwta. qrt. Ibt. 

17. 2345 11 2 17 -- 879 18 3 26 

ewta. qn. lb*, oi. ewU. qn. lbs. ot. 

18. 7189 2 15 8 - 349 3 19 12 

ewti. lbs. OS. drs. ewU. lbs. os. dn. 

19. 3459 101 11 8 - 783 99 14 15 

20. 3195 85 7 11 - 839 103 15 8 



CLOTH MEASURE. 

jrds. qn. bIs. in. yds. qn. nls. in. 

21. 3894 2 1 H - 986 3 3 2 

B. ells qn. nls. in. Fr. EUs qt». als. in. 

22. 175 3 2 1 - 68 4 3 2 

Vr. ells qn. nls. in. Fr.ells qn. nls. in. 

23. 346 1 1 - 89 5 3 2 

FI. ells. qn. nls. in. pL eDs qn. nb. in. 

24. 4185 2 1 1 - 376 2 3 \\ 



WINE MEASURE. 



bsr. gals. qta. pts. bar. gals. qts. pts. 

25. 1375 12 2 - 889 15 3 1 

26. 2387 24 1 - 748 30 3 1 

bhds. gals. qta. pts. Uids. gala. qts. pts. 

27. 8976 35 3 - 987 45 2 1 

28. 2892 50 1 1 - 983 34 2 
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SQUARE MEASURE. 



■q.jrda. ft. ia. aq.jds. ft. ia. 

29. 7181 3 45 - 923 8 104 

30. 8432 7 125 - 2785 8 37 

M. TO. iq.po. sq.ydt. ae. to. aq.po. aq.Tik. 

31. 375 2 19 25 - 17 3 35 30 

32. 876 3 15 IS^ - 437 3 31 20 



TIME. 

dy*. Im. nin. mo. djw. hn. mia. aw. 

33. 245 13 14 53 - 67 19 41 17 

34. 327 17 13 34-248 6 50 45 

wka. df*. hn. nin. wks. dyi. hn. Hia. 

35. 315 4 17 39 - 76 5 22 35 

36. 178 3 3 57 - 109 6 19 59 



DRY MEASURE. 

wya. qn. biuh. pks. wya. .qn. boah plu. 

37. 73 4 5 3 - 45 1 7 2 

38. 179 4 2 - 138 4 6 3 

Uata wjra. qn. biuh. laita wjra. qn. boah. 

39. 325 1 4 3 - 89 1 4 7 

40. 1827 3 2 - 809 1 3 6 



COMPOUND MULTIPLICATION. 

50. As Simple Multiplication was shewn to be merely a 
shorter method of performing Simple Addition, so when 
we have learnt how to add compound quantities of a 
similar kind, we shall have no difficulty in multiplying 
compound quantities by any multiplier whatever. And 
first let the multiplier be not greater than 12 ; and let it be 
required to multiply £358 4s. 7f d. by 5. We may perform 
the required operation both by addition and multiplication, 
and explain the second method from the first. 
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£ 


«. 


d. 


a58 


4 


n 


358 


4 


n 


358 


4 


n 


358 


4 


n 


358 


4 


7| 


21791 


3 


2| 



£ 


s. 


d. 


358 


4 


7f 
5 


£1791 


3 


2| 



Beginning with the farthings in either of the two sums, 
we have the sum of the farthings, or five times id. — Id 
farthings^ which = 3 pence, and 3 farthings over ; put 
down the 3 farthings, and carry the 3 pence ; so, also, 6 
times 7d. = 35d. and with 3d. carried = 38d., or 3s. 2d. ; 
5 times 4s. = 20s., and with 3s. carried = 23s., or £ 1 3s. ; 
and by Simple Multiplication we have 5 times £358, with 
the £1 carried, = £1791. 

51. What has been said in Compound Addition about 
carrying, when the given quantities consist of any other 
than pounds, shillings, and pence, applies in Compound 
Multiplication ; for we have shewn the two processes of 
Addition and Multiplication to be the same. 

Hence, for multiplying any compound quantity by a 
multiplier under 12, we have this 

RdLE. Place the multiplier under the lowest deno- 
mination in the multiplicand, and multiply that name by 
the multiplier. See, as in Compound Addition, how many 
units of the next higher name are contained in this pro- 
duct; put down the remainder, if any, and carry these 
units to the next name. Multiply in like manner each 
denomination of the multiplicand : and when the highest 
product has been found, write it down in full. 

52. Now let the multiplier be between 12 and 144. And 
first, let it be a number which can be exactly split into two 
numbers, for instance 72. This is equal to 8 times 9. If, 
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61 



£ 


s. 


d. 


358 


4 


7f 

8 


2865 


17 


2 = 
9 


£25792 


14 


6 = 



8 times 



72 



therefore^ I multiply by 8, the first product will be equal to 

8 times the multiplicand. 
If, now I multiply this 
product by 9, then the 
second product will be 

9 times the former one, 
or 72 times the top line, 

and therefore be the required amount. But if the multi- 
plier cannot exactiy be split into two numbers each under 
12, as for instance 76, we must choose the next number 

below, which can be' so 
split ; in this case we 
take 72 ; and since 76 
= 72+4, we may mul- 
tiply by 72, or 8 X 9 as 
before, and then take 4 
times the top line; thus 
obtaining 72 times, and 4 times the given quantity ; the 
two products added together will give 76 times the mul- 
tiplicand, as in the Example here given. 

£X8. 33. Form the following products. 



£ 


«. 


d. 






358 


4 


8 


8i 




2865 


17 


2 = 


times 






9 


72 




25792 


14 


6 = 


» 


1432 


18 


7 = 


4 

76 


» 


£27225 


13 


1 = 


w 







I. 


£ 
7 


18 


d. 

lOi by 5, 


6, 7, 8. 








II. 


13 


9 


7| by 7, 


8, 9, 10. 








III. 


456 


18 


7i by 9, 


10, 11, 12. 












Exs. 34. 






1. 


£ 
138 


19 


d, 
4 X 


35. 


5. 


£ «. d, 
498 17 lOJ 


X 84. 


2. 


725 


6 


8^ X 


24. 


6. 


2784 13 If 


X 96. 


3. 


1829 


2 


11 X 


40. 


7. 


3345 9 10^ 


X 108. 


4. 


1785 


15 


9i X 


56. 


8. 


7864 17 8 


X 120. 



53. Next, let the multiplier be any whole number greater 
than 144, as 256. 
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Since 256 =r 200 + 50 + 6, if therefore we multiply the 

given quantity by 200, and by 50, and by 6, and add 

together these three products, we shall find the product of 

£358 4s. 7id. by 256. 

Now, 200 = 10 X 10 X 2 ; therefore if we multiply the 

multiplicand by 10, and that product by 10, and this 

second product by 2, we shall have the third product the 

same as if we had multiplied the multiplicand at once by 200 : 

To obtain the product of the multiplicand by 50, we 

£ *. d. multiply the first 

jQ product by 10, smce 

3582 6 5J = 10 times the top Uoe 50 = 5 X 10 : then 

!5 multiplying the top 

35823 4 7 = 100 times „ ^^^ ^^ g^ ^^^ ^^^^ 

71646 9 2 =200 times „ ^® ^^®® products 

17911 12 3 J = 50 times „ just obtained, we 

^'^^ LJ?i =_6.ti°^s „ have the product of 

^^^^^^ ^ ^ =^ times ,. £353 43 7^^ ^^ 

256, viz. de91707 9s. 4d. 

54. Similarly, if we had a multiplier of four figures, 
as 7538, we should have to multiply three times by 10, 
which would give 1000 times 

the top line ; then by the 7, to make 7000 times. 
Also the third line, which 
equals 100 times the top line, 

must be multiplied by 5 — 500 „ 

and the second line, which 
equals 10 times the top line, 

must be multiplied by 3 — 30 

and the top line itself by 8 — 8 

Therefore, the sum of all the 
four products so foimed will be equal to 7538 times. 
And similarly for any other number. 



9f 
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55. It seems unnecessary to state a separate Rule for 
multiplying by such numbers as we have been just using 
in the above Examples, since the process of multiplication, 
for forming the products to be added together, has been 
explained in the Rule already given for multiplying com- 
pound quantities by any number not exceeding 1 2. 

Exs. 35. 





I. 8 


9 


71 


X 


23 


13. 


1 


17 


9i 


X 237 




2. 11 


19 


8 


X 


39 


14. 


10 


19 


Hi 


X 348 




3. 14 


13 


n 


X 


47 


15. 


42 


3 


6i 


X 375 




4. 21 


2 


Of 


X 


53 


16. 


2 


7 


9i 


X 573 




5. 35 


17 


11 


X 


61 


17. 


15 


7 


9i 


X 943 




6. 42 


8 


8f 


X 


75 


18. 


3 


17 


71 


X 1103 




7. 101 


9 


10 


V 


83 


19. 


3 





r\ 


X 1215 




8. 215 


7 


81 


X 


104 


20. 


4 


9 


n 


X 3201 




9. 45 


5 


9i 


X 


137 


21. 


31 


16 


11 


X 4375 




10. 178 


11 


10 


X 


174 


22. 


1 


11 


6 


X 7235 




11. 216 


13 


4 


X 


180 


23. 


16 


16 


6i 


X 4520 




12. 189 


6 


8 


X 


196 


24. 


1 


7 


11 


X 11829 












TROY WEIGHT. 












Iba. oi. 


dwti 


1. 








Iba. OS. < 


Iwta. 


gn. 


25. 


15 9 


17 


X : 


35 




28. 


14 11 


19 


13 X 137 


26. 


75 8 


13 


X I 


57 




29. 


45 9 


14 


16 X 785 


27. 


117 11 


19 


X 1 

« 


B9 




30. 170 1 


% 


18 


17 X 8923 








AVOIRDUPOIS WEIGHT. 

4 










ewti. Ibt. 


OB. 


dn. 








tona. 


ewta. 


Iba. 


01. 


31. 


14 75 


14 


6 


X 


74 


34. 


45 


17 


101 


14 X 175 


32. 


35 54 


8 


5 


X 


801 


34, 


73 


14 


96 


11 X 432 


33. 


147 108 


4 


13 


X 


945 


36. 


185 


11 


10 


9 X 819 








APOTHECARIES* WEIGHT. 










OI. dn. 


M. 


g». 








Ibi. 


OS. 


dn. 


ae. 


37. 


11 7 


2 


15 


X 


215 


40. 


11 


4 


7 


2 X 574 


38. 


9 5 


1 


7 


X 


307 


41. 


35 


11 


6 


1 X 809 


39. 


10 6 





19 


y 


95 


42. 


79 


10 


5 


X 199 
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LONO MBASUBB. 



43. 


all. 

175 


«nr. 
6 


po. 

35 


7^ 

4 X 89 


46. 15 


38 


ydi. 

5 


ft 

2 X 587 


44. 


216 


5 


19 


3 X 117 


47. 175 


17 


3 


1 X 2017 


45. 


384 


7 


27 


2 X 438 


48. 83 


37 


4 


2 X 7845 










CLOTH MEASURE. 








49. 


yd.. 

476 


3 


Bla. 

3 X 


73 


B.dl«. 

52. 78 


qn. 

3 


aU. 

2 


in. 

1 X 487 


50. 


894 


2 


1 X 


194 


53. 805 


2 


3 


2 X 534 


51. 


1727 


1 


2 X 


216 


54. 648 


3 


2 


2 X 1749 



ALE AND BEER MEASURE. 



55. 


hhda. 

114 


51 


1 X 98 


58. 


bar. 

67 


15 


qto. 

3 


pU. 

1 X 415 


56. 


268 


47 


3 X 375 


59. 


395 


31 


2 


X 1209 


57. 


897 


15 


2 X 4021 


60. 


427 


27 


3 


1 X 877 



WINE MEASURE. 



61. 


khda. 

87 


cab. 

59 


qtfc 

3 X 65 


64. 


Uds. 

45 


(lis. 

17 


qta. 

2 


1 X 407 


62. 


275 


60 


2 X 183 


65. 


306 


43 


3 


X 196 


63. 


349 


15 


1 X 235 


66.. 


742 


37 


2 


1 X 384 



SQUARE MEASURE. 



67. 


•q.yda. 

75 


sq. ft. tq. in. 

5 75 X 73 


70. 


ac. 

75 


ro. 

3 


•q.pa. 

25 


•q.yda. 

17 X 117 


68. 


117 


7 108 X 85 


71. 


127* 


2 


35 


25 X 245 


69. 


237 


8 125 X 97 


72. 


345 


1 


17 


30 X 367 



CUBIC MEASURE. 



73. 


Bol. yda. ft. 

83 15 


in. 

1000 X 35 


75. 


adLjdM. ft. 

305 20 


in. 

584 X 115 


74. 


215 17 


896 X 72 


76. 


785 25 


1425 X 327 



WOOL WEIGHT. 





•acks 


toda 


Iba. 


77. 


45 


11 


25 X 275 


78. 


138 


10 


27 X 604 



79. 


pacika 

875 


llM. 

215 X 489 


80. 


1000 


175 X 563 
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TIME. 





kn. 


Bria. 


Me. 








ijt. 


kn. 


aia. 


•M. 






81. 


17 


57 


45 


X 


875 


83. 


119 


11 


30 


17 


X 


1823 


82. 


2» 


45 


59 


X 


904 


84. 


235 


17 


37 


25 


X 


1987 



COMPOUND DIVISION. 

66. Ex. I. To divide dElSQ 8s. 4d. by 8. 

The £ 189 can be divided precisely as in Simple Division, 

and the remainder is £5. To divide this by 8, bring it to 

£ 8. d. shillings ; this gives 100 sh., 

£23 13 6^ 

= dend =108 sh. : dividing by 8, 



as in Short Division, we have 13s., and 4s. over. Bring 
this to pence ; it = 48d., and with the 4d. in the dividend 
= 52d. : dividing by 8, the quotient is 6d., and the re- 
mainder 4d. : bring this to farthings ; it = 16 farthings^ 
which divided by 8 gives 2 farthings, or 1 halfpenny ; and 
the complete quotient is £23 1 3s. 6 Jd. 

57. The same alterations that we described in Compound 
Addition, Subtraction, and Multiplication, are to be made 
here, when the compound quantity consists of any other 
than pounds, shillings, pence, and farthings. For instance, 
if we had for a dividend a quantity consisting of tons, cwts., 
qrs., &c. ; then, after dividing the tons, we should have to 
reduce the remaining tons to cwts., and add in the cwts. 
already in the dividend ; so also any remaining cwts. would 
have to be reduced to qrs. ; the remaining qrs. to lbs. ; 
and so on. 

Hence, when we have to divide a compound quantity by 
a number under 12, we have the following 
G 2 
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Rule. Divide the highest denomination as in Short 
Division ; if there be a remainder, reduce it to the next 
name, and add to it the units there may be of this next 
name in the dividend, and divide again. Proceed in like 
manner through all the denominations, treating the re-' 
mainders after each division, exactly as the first remainder. 
But if, after any division, there be no remainder, then 
divide, if possible, the units of the succeeding denomin- 
ation ; but if these units be not equal in number to the 
divisor, place a cipher underneath as quotient, and treat 
these units as a remainder to be reduced to the next 
denomination. 

Exs. 36. 



Divide 



£ 8. d. 

I. 88 2 6 by 3, 5, 7. 

II. 268 3 U by 3, 5^ 6, 10. 

III. 517 11 by 4, 6, 8, 12. 













TROY wb: 


[GHT. 












ttw. 


ot. 


dwto. 


gn. 






ib». 


Ol. 


dwti. 


gn. 


1. 


18 


9 


15 


16 -J- 5 




4. 


117 


7 


14 


20 + 10 


2. 


175 


11 


7 


21+7 




5. 


359 


11 


19 


6 + 11 


3. 


308 


9 


16 


5 + 9 




6. 


1827 


10 





12 + 12 



AVOIRDUPOIS WEIGHT. 





ewtfla 


Iba. 


M. 


dn. 




tou 


arte 


qr*. lbs. 


7. 


75 


15 


8 


15 + 6 


9. 


45 


11 


3 20 + 8 


8. 


315 


94 


13 


13 + 7 


10. 


117 


9 


2 17 + 9 



68. When the divisor exceeds 12, but is a number which 
can be exactly formed by the multiplication of two numbers 
each less than 12, then we can divide by the two numbers 
successively. Thus, if the divisor be 27, or 9 x 3, we divide 
£rst by the 9 and then by the 3, as was shewn (26) in 
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Simple Division. Also, the two remainders must be formed 
into one, as was shewn in the same article. * 

Ex. n. Divide £189 8s. 4d. by 27. 











£ «. 

3) 189 8 

9) 63 2 

£7 


d. 
4 

H 


Il22rem't 
7 ) 










Eza. 37. 


Find the required quotients in the following Examples. 




1. 


616 




17 


d. 
6+35 




£ 
7. 893 


«. 

17 


d. 
11 


+ 


45 


2. 


804 




9 


4i + 90 




8. 1356 


8 


101 


+ 


72 


3. 


1025 




2 


0+48 




9. 4589 


16 


8i 


+ 


99 


4. 


987 




6 


4i + 56 




10. 8764 


14 


m 


+ 


100 


5. 


594 




18 


9+63 




11. 5783 


19 


u 


+ 


121 


6. 


1023 




7 


6^ + 36 




12. 6897 


11 


04 


+ 


144 










LONG 


[ MEASUEE. 










13. 


15 


for. 

5 


po. 

30 


yd.. 

3 + 27 




fttha. 

16. 75 


jrdr. ft 

1 2 


in. 

9 


+ 


84 


14. 


48 


6 


35 


2 + 35 




17. 117 


1 


10 


+ 


90 


15. 


96 


7 


13 


4 + 81 




18. 875 


1 2 


11 


+ 


110 












TIME. 










19. 


jn. 

75 


43 3 


Im. 

15 + 36 




jn, djv. kn. 

22. 144 14 17 


min. 

45 


+ 


64 


20. 


96 


51 


6 


17 + 49 




23. 903 245 14 


18 


+ 


72 


21. 


107 


18 


4 


11 + 55 




24. 1000 75 19 


30 


+ 


121 



59. But when the divisor exceeds 12^ and cannot be 
broken up as in the last article^ it is necessary to divide by 
a process similar to that of Simple Long Division ; but as 

* The learner will see hereafter that the best mode of forming the complete remainder 
wiU be^not to haye fetrthings in the quotient, and a remainder besides ; but to express 
as a fraction of a penny the whole of the quantities remaining after the pence in the 
quotient. 

f The more correct form of the quotient, as described in the previous note, will be 
£7 Ob. SlH' 
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the only difference between Compound Long Division and 
Compound Short Division is^ that in the former case the 
reducing of the remainders is performed on the paper, and 
in the latter case in the memory, we shall not write out a 
new rule for Long Division, but merely give one Example 
to shew the method of working. 

Ex. m. To divide £3178 lis. lid. by 754. 



754) 


£ 
3178 
3016 

162 
20 

3251 
3016 

235 
12 

2827 
2262 

565 
4 


11 

(4s. 
(3d. 


d. £ 

n (4 


8. 

4 


d. 
3| 




2262 
2262 


(3 farthings 







Here we see the division after each reduction by 20, 12, 
and 4, to be precisely of the same kind as in Simple 
Division. 



E 


iZSi uOi 


Find the re 


squired quotients in 


the following 


Examples. 




je 


8, 


d. 








je 


8. 


d. 




1. 


45 


18 


9 


-*- 


117 


11. 


1745 


9 


m 


-^ 875 


2. 


236 


17 


6i 


^^ 


235 


12. 


2834 


10 


7 


-5- 908 


3. 


435 


9 


8i 


-j- 


384 


13. 


3479 


12 


9| 


-5- 1423 


4. 


1027 


16 


9 


4- 


379 


14. 


6842 


14 


3 


-h 1785 


5. 


1847 


11 


7| 


-^ 


645 


15. 


999 


8 


5i 


-J- 1827 


6. 


8923 


14 


6 


-h 


893 


16. 


lOlOl 


10 


4 


^ 3459 


7. 


11023 


3 


4i 


-^ 


1001 


17. 


4586 


16 


6i 


+ 6083 


8. 


8976 


18 


5 


-^ 


986 


18. 


3897 


13 


8 


-J- 8756 


9. 


7643 


15 


4i 


T- 


1237 


19. 


7854 


11 


lOf 


-h 9802 


/a 


8962 


14 


11 


+ 


1461 


20. 


6923 


7 


11 


-^ 1143 
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SQUARE MEASURE. 
M. to. po. yds. Ml. Bit. •«, TO. po. 

21. 1175 3 15 15 + 870 24. 11485 480 3 17 + 785 

22. 207 2 20 17 + 927 25. 9746 523 2 20 + 983 

23. 199 1 27 19 + 1345 26. 10409 610 I 29 + 1425 

CUBIC MEASURE. 

■oL jdt. ft. ia. loLjdt. ft. ia. 

27. 8963 20 1000 + 3024 29. 15684 19 897 + 2568 

28. 11429 15 1684 + 4837 30. 83746 26 1432 + 11984 

31. If 721 persons earn £626 78. 4id.y how much is that to each? 

32. The expenses of a railway are £10299 Is. 8d. per annum; how 

much per day ? 

33. Find the price per ounce of a piece of gold weighing 375^ oz., and 

costing £1548 18s. 9d. 

34. A person owes £1000, and has only £758 6s. 8d. ; how much can 

he pay for every pound which he owes ? 

60. There is one other kind of Examples which may be 
fonnd in Compound Division, viz. when it is required to 
find how often one compound quantity is contained in 
another. 

Ex. rV. How often is £3 15s. 3id. contained in 
£26 6s. lOid.? 

Here we must reduce both quantities to the same name, 
farthings : and the question becomes one of Simple Divi- 
sion, viz.. How often are 3613 farthings contained in 25291 
farthings P and the result is, 7. But such questions are 
more properly treated under Reduction : and some exam- 
ples of the kind will be found in the following pages. 
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REDUCTION. 

PART II. 

61. I will now give one instance of each kind of the 
more difficult Examples that involve Reduction and the 
Compound Rules. 

Ex. I. How many times must I take a stride of 2 ft. 
9 in., in walking 7 miles ? 

This question is simileir to the examples in (43) and 
(44), and in plain language means — How often is the 
quantity 2 ft. 9 in. contained in 7 miles, or in seven times 
1760 yds.? 

Bringing both quantities into portions of 3 inches, I 
, have the annexed work, where I 

yds. ' 

1760 multiply the 2 feet by 4, because 

2 9 12320 yds. there are in one foot four parts, each 

4 ^2 three inches; and the 12320 y aids 



J 1 portions) 1 47840 portions , ,« t. ^i. 

■= —t^aak by 12, because there are in one 

13440 steps. -^ 

'=^ yard 12 parts, each three inches. 

Ex. II. How many times will a coach wheel revolve, in 
going 175 miles, if its circumference be 151 feet ? 

Comparing this question with the previous one, and 
putting the circumference of the wheel in place of the 
length of the man's step, the questions are seen to be of 
the same kind. 

The work will be 



« 


miles. 
1760 


ft 

I5i 
2 


10500 
1225 
175 

aOSOOOyds. 
6 


31 half ft. 


31) 1848000 hf. ft. (59612 
155 




298 
279 




190 Ans, 59612 times, and 28 half ft. 
186 or 14 ft. remaining. 

40 
31 


• 


90 
62 


• 


28 



Aa example the opposite of the two last will be as 
follows. 

Ex. III. A man takes 3744 strides in walking a distance 
of 1 m. 1516 yds. ; what is the length of each step ? 

I have here merely to divide the whole distance by the 
number of strides^ by Compound Long Division, as follows : 

m. yds. 
1 1516 

1760 



3276 yds. 
3 



3744) 9828 ft. (2 ft. 7iin. 
7488 

2340 
12 



28080 (7 in. 
26208 

1872 
2 



3744 (Ihf.in. 
3744 
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The correctness of the answer of this last Example may 
be proved by working the following question. 

How far will a man walk, if he takes 3744 strides, each 
2 ft. 7i inches ? 

This question will of course be worked by Compound 
Multiplication, and the answer will be 1 m. 1516 yds. 

Ex. IV. In 66 purses, each containing a guinea, a moi- 
dore, a sovereign, a crown, and a groat, how many pounds 
sterling ? 

I must here find the value of the whole of the coins in 
one purse, and then multiply the sum by 66. The work 
wiU be as here shown. 



£ 
1 
1 
1 


8, 

1 

7 

5 


d. 




4 


3 


13 


4 

5x11 = 55. 


18 


6 


8 = 5 times. 
11 


201 


13 


4 = 55 times. 



Ex. V. How many crowns, half-crowns, shillings, and 
groats, amount to £99 16s. 4d. ; taking of each an equal 
number ? 

The sum of all these coins must be found, and I must 
then see, by division, how often that sum is contained in 
the £99 16s. 4d. ; the quotient will be the required number 
of coins of each kind. 

The sum of the coins is 8s. lOd. ; since, therefore, my 
dividend is £99 16s. 4d., and my divisor 8s. lOd, I must 
reduce both to pence, and the whole work will be as 
follows ; 
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*. d. 

5 

2 6 £ ». d. 
10 99 16 4 
4 20 

8 10 1996sb. . 

12 12 



106d. ) 23956d. (226 
= 212 



275 
212 

636 

686 J[ns. 226ofeach. 



The question which is the reverse of this would be. 

In 226 purses, each containing a crown, a half-crown, a 
shilling, and a groat, how many pounds P And this ques- 
tion is of the same kind as Ex. IV. 

Ex. VI. I changed £27 14s. 6d. for pieces of 15d., lOd., 
9d., and 4d., taking of each an equal number : how many 
of each had I P 

This question will be found to be the same as V., if I 
put it in the following form/. — How many coins of 15d., 
lOd., 94.9 and 4d., amount to £27 14s. 6d., taking of each 
an equal number P The work is 



d. 
15 
10 


£ 8. d. 
27 14 6 
20 


9 

4 


554 sh. 
12 


38d. 


) 6654<i. (17 
38 




285 
266 




194 
190 




4 



(175 pieces, and 4d. remain. 



Some of the Examples given below will involve various 
weights and measures ; but they can all be worked upon 
the principles of the questions just shown. In the first 
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twelve Examples, two questions are given upon each of the 
above six Examples in order ; but the remainder are mixed, 
and it must be left to the judgment of the learner to dis- 
cover which among these six is the mode of working. And 
it will be a very good exercise for a beginner to endeavour 
in such questions to find out the reverse question, as I have 
done in Exs. (III.) and (V.) 

Ez8» 89. 

1. The interval between the tollings of a bell is 7| seconds, how many 

times will it be heard in 1 hour 45 min. 30 sec. ? 

2. I take a stride of 2 ft. 8| in., but put my stick to the ground only 

every other step ; how often will it touch the ground if I walk 
17i miles ? 

3. The circumference of a wheel is 5} feet ; how many times will it 

turn in 175| miles ? 

4. The piston of a steam engine travels 18mUes 396yds. I ft. 2 in.; 

how many times must it have oscillated, if its stroke be 2 ft. 7in. ? 

5. What is the circumference of a wheel which revolves 1570 times in 

1 mile 28 yds. 2 in. ? 

6. A bridge, containing 75 arches and 76 piers, measures 1 furlong 

156 yds. 2 ft. ; what is the length of each arch, if each pier is 
half the length of an arch ? 

7. What amount will be obtained from 357 subscribers, each contribut- 

ing a guinea, a crown, a half-crown, and a shilling ? 

8. 1175 casks contain each 3 gallons, 3 quarts, 3 pints, and 3 half- 

pints ; how much do they all hold ? 

9. How many parcels of If lbs., 2^ lbs., and 10 lbs., can be obtained 

out of a cask of sugar weighing 7cwt. 2qrs. 11 lbs., taking of 
each an equal number ? 

10. A field of 68 acres 3 roods is divided into equal numbers of plots of 

I rood 25 poles, and of 2 roods 35 poles ; how many will there be? 

11. I exchanged 355 guineas, worth £1 6s. 6d. each, for one-pound 

notes, crowns, and groats, taking of each an equal number ; how 
many of each had I ; and what was their value ? 

12. An estate of 375 acres, and another of the same size, worth twice as 

much, was exchanged for equal numbers of allotments of 3 acres, 
of 2 roods, and of 25 perches, all of the former quality ; how 
many portions should I receive in all ? 
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13. There are 1000 subscribers to a cbarity, each giving a guinea, a 

pound, and a crown ; and 525, each giving a half-crown, a 
shilling, and sixpence ; how much is raised in all ? 

14. In the clothing of a regiment, 655 suits are made each containing 

3 yds. I qr. 3 nls. of cloth, and 1 yd. 3 qrs. I nl. of lining ; how 
many yards of material are required for the whole? 
Id. A certain vessel contains a hogshead, a barrel, a kilderkin, and a 
quart ; how many such can be filled out of 30758 gallons ? 

16. From 3 cwt 2 qrs. 14 lbs. I take away 1 lb. 1 oz. and 1 dram ; 

how many times can I do this, and what will remain ? 

17. How many intervals of 3 minutes, 2 min., J min., 4 min., can be 

made out of a fortnight, and of each an equal number ? 

18. A man walks up a hill in 7 min. 35} sec., and down again in 5 min. 

13 sec. ; how many times can he repeat this in 7 hrs. 2 min. 
40isec? 

19. A piece of land is required, which can be divided into allotments of 

3 roods, 2 roods, 1 rood, 35 perches, and 25 perches ; there are 
to be 127 of each allotment ; how many acres must the land 
contain ? 
20l A peal of 10 bells has 2700 changes rung in 3 hours, what is the 
average length af interval between the stroke of each bell, if all 
the bells are rung at every change ? 
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MISCELLANEOUS EXAMPLES. 

1. If a spoon weigh 15dwts. 11 grs., how many dozen of such spoons 

can be formed out of 122 oz. 9 dwts. 1 gr. ? 

2. How many loaves of 41b., 21b., and 1| lb., and of each an equal 

number, can be made out of 12 sacks of flour, each weighing 
240 lbs.? 

3. Find the difference in hours between 3 yrs. 10 months, 3 wks. 6 dys., 

and 4 yrs. 9 months 2 wks. and 4 dys. 

4. Find the age of a person whose pulse has beat 589,764,385 times, at 

the rate of 70 per minute. 

5. A was bom at 10 o'clock p.m., on Sept. 26, 1845 ; and B at 3 a.m., 

on April 15th, 1846 ; how much older in hours is A than B ? 

6. An estate costing £17897 6s. 4d. is divided into 5876 allotments; 

what is the value of each share ? 

7. The diameter of a crown is 1 finches; how many will it take to 

reach llj^ miles? 
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8. Three thous&nd and eighty-nine subscribers contribute £3 13s. 4d. 

each, how much will they raise in all ? 

9. A piece of cloth 500 yds. 2 qrs. in length is cut up to form coats, 

each requiring 1 yd. 3 qrs. 2nl8.; how many coats can be 
obtained from it ? 

10. How many subscribers, of £2 1 Is. 7^d. each, wUl be required to 

purchase an estate worth £11953 15s. 4^d.? 

11. A square whose side is 385 inches, is divided into oblongs, 7 inches 

by 5, how many will there be? 

12. How many intervals of 5 minutes 35 seconds are in a leap year ? 

13. I exchange 4375 yds. for pieces of 3 qrs. 2 nls. ; how many did I 

receive ? 

14. Find the number of cubic yards in 2,877,580 inches ? 

15. How often must the sum of 5s. O^d., 7s. 7d., and £1 17s. 4^d., be 

repeated to make £200? 

16. What would be the length of an acre of ground, if its breadth were 

60 J yds. ? 

17. What is the amount of £3 4s. 4^d. repeated 800 times? 

18. Find the difference between £34 15s. 9|d. + £78 7s. 6d. and 

£135 10s. 9d.-£84 17s. lO^d. 

19. The number of solid feet or inches, in a block of wood, having all its 

sides oblong, is found by multiplying the length, breadth, and 
thickness; find the number of solid feet in a block 245 inches 
long, 39 broad, and 17 thick. 

20. If 6^ millions of visitors entered the Crystal Palace in 26 weeks, 

what was the average attendance per day ? 

21. How many acres in a field 387 yds. long, and 275 yds. broad ? 

22. Sound travels about 1100 feet per second; what is the interval 

between the flash and the sound, when the storm is 4 miles off? 

23. In 25 bales, each containing 24 pieces, and each piece 45^ yards, 

how many lengths of 4 yds. 2 qrs. 3 nls. ? 

24. If a spoon cost 7s. 9|d., how many dozen can be bought for 

£44 8s. 3d.? 

25. A man who owes £2348, pays 12s. 9id. for every pound which he 

owes; how much does he pay in all? 

26. The cost of gilding is 4.^d, per square inch; find the expense of 

gilding a box, of which the dimensions are 7 in., 9 in., and 
15 inches. 

27. A book requires 25^ sheets of paper ; how large an edition can be 

printed from 184 reams 2 quires 7 sheets ? 

28. Fifteen hundred men contribute £1 3s. 6^d. each, and as many 

children half as much ; how much money is raised ? 

29. How much per day is 1000 guineas per leap year ? 
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30. If a pint contains 2728 barleycorns, how many will it take to fill 

a sack? 

31. A man spends £155 5s. 7d. per year; how much will he lay by in 

37 years, out of £200 per annum ? 

32. The divisor is £32 6s. 8d., the remainder 10s. 6d., and the quotient 

is 375 ; what is the dividend ? 

33. Among how many persons can I divide £1764 15&., so that they 

may each have £1 2s. 7|d. ? 

34. If the sun's light comes to us in 8 min. 58 sec., and the distance .is 

05,000,000 miles, what is the rate of the light per second ? 

35. On a railway, the rails weigh 70 lbs. per yard, and the chairs, 

weighing 14 lbs. each, are placed at intervals of 18 inches, how 
many tons of iron are employed in making 20 miles of a dopble 
line of rails ? 

36. If lib. Avoirdupois is equal to 14 oz. 11 dwt 16gr8. Troy, how 

many lbs. Troy in 6 cwt ? 

37. Thirty-five cheeses weigh 17 lbs. 3oz. each; how many pieces of 

4oz., 6oz., 1 lb., and l^lbs., can be cut fi*om them, taking of 
each an equal number ? 

38. Five bells of different tones are successively struck at intervals of 

3 minutes, 2 min., 1 min., X min., and X min. ; how many times 
could I hear the whole round of tones in 9 hrs. 27 minutes ? 

39. In the last question, which bell should I have last heard at the end 

of4hrs. 58min.? 

40. How many intervals of 3 min., 35| sec. in half a century ? 

41. A wall is 8| feet high, 236 feet long, and 17 inches thick; there are 

in it two doorways each 6 feet by 4 feet; how many bricks woufd 
be required for it, each containing 204 solid inches? 

42. Divide £357 12s. 2d. among 3 men, 4 women, and 6 children, 

giving to each man twice as much as to a woman, and four times 
as much as to a child. 

43. A mixture is made of 4 gallons at 3s. 9d., 5 gals, at 48. 6d., and 

11 gals, at 6s. 8d. ; what is the value of a gallon of the mixture ? 

44. A court yard, 150 ft. square, is surrounded by a walk 24 feet broad ; 

and a grassplot occupies the remainder ; find the area of the walk 
and grassplot 

45. In a foot-race, A gains on B at the rate of 5 yds. in 1 min. 50 sees., 

how soon will he be half a mile a'head ? 
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ON THE PRINCIPLES OP THE SIMPLE RULES. 

1. What do you mean by Numeration ? Give examples of its use ? 

2. Explain how numbers greater than 10 can be represented, though 

there are but ten difiTereut figures. 

3. What do you mean by the term " digits ?" 

4. Express by signs the addition of the numbers 365, 4000, and 18,. 

with the subtraction of 1728 and 496. Give the result 

5. Desttribe an Addition Table; and shew how by its aid you add 

together two quantities, one of which is more, and the other less, 
than 10. 

6. Explain the common process of borrowing employed in Subtraction,^ 

and shew what is the correct mode of making allowance for it. 

7. How do you prove a sum in Subtraction ? 

8. Write down in signs — ^'the sum of 17 and 8 is equal to the 

difference between 36 and 11." 

9. Write down in signs — ** the product of 18 and 12 is equal to the 

quotient of 2376 divided by 1 1." 

10. Shew why you can multiply by 10, 100, 1000, &c. more easily than 

by any other numbers. 

11. If the quotient, remainder, and dividend are known, how will you 

find a divisor? Construct such an example, and find the divisor. 

12. Explain how a Multiplication Table is made. 

13. Shew how it can be used as a Division Table. 

« 

14. If the floor of an oblong room were covered with square tiles, all of 

the same size, how would you find the number of them without 
counting them all ? 

15. If you knew how many bricks were used in paving a floor, and how 

many bricks the floor was in length, how would you find the 
number in the breadth ? 

16. Shew that Short Division is the same as Long Division, only that 

the work is performed mentally. 

17. How do you prove a Division Sum ? 

18. What is the meaning of the terms divisor, dividend^ and quotient f 

19. Explain the process of forming the complete remainder, when you 

divide by a composite divisor. Ex. Divide 325 shillings among 
72 people. 

20. Shew how to divide by such numbers as 20, 300, 4000, &c., and 

explain the correctness of the remainder. 



MISCELLANEOUS QCE8TI0MS. 79 



ON REDUCTION AND THE COMPOUND RULES. 

1. What do you mean by Compound Rules ? 

9. What is meant by Tables of Weights and Measures ? Write out 
" Long Measure." 

3. In a Compound Addition sum, of money, what other numbers may 

be found besides the whole numbers found in the Simple Rules 

4. Write down cme-farthing or one-quarter, two farthings, three 

farthings, in figures* 
•5. How otherwise can you write two farthings, and by what other name 

would you then call it ? 
6. Explain, without working the questions, the mode of operation in 

the following cases : 

(1) Reduce 3 cwt 3qrs. 17^ lbs. to half pounds. 

(2) Reduce 19275 farthings to pounds. 

H. State the steps whereby you would find how many persons could 
receive each 3s. 4d. out of £20. 

5. Explain the mode of multiplying any sum of pounds, shillings, and 

pence, by 3256. 
9. Construct a question, which requires reduction by both processes of 
multiplication and division; and work it. 

10. Explain the mode of multiplying .by 5^ and 30^. 

1 1. Shew how to divide by the same quantities. 

12. Form an example the opposite to question 11 in Bu. 40. 



CaUTBXnXLD 
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DECIMALS. 

OuB numeration has thus &r been carried from right to 
lefty beginning with units, and proceeding tenfold higher each 
step, to tens, hvmdredsy thotiscmds, &c. It may, however, be 
continued from left to right, below tmits, proceeding therefore 
tenfold lotffer each step; to tenths, hu/ndredths, thouscmdths. 
And in order to mark the place of the units, a dot, or point 
( * ), is placed after the figure which denotes units : so that all 
the figures to the left of the point represent either units, or 
numbers higher than units; and all to the right represent 
numbers lower than units. And any numbers, as 6666, 
(which we have read in words, 6 thousands, 6 hundreds, 
6 tens, and 6,) may be continued any distance to the right, 
thus becoming QQ^Q*QQ(i <Sz;c.; and the part added will be 
read 6 tenths, 6 hundredths, 6 thousandths; or the whole 
three may be read in the lowest name, namely, 666 thovscm(Uhs, 
just as any ordinary number, 666, would, when expressed in 
terms of its lowest name, i, e, of units, be 666 tmits. 

The ntmibers below units, which have thus been added 
after the point, are called Decimals; they are said to occupy 
so many decimal places; and the point is called the decimal 
point. 

The four operations of Addition, Subtraction, Multiplica- 
tion, and Division, can be applied to decimals, as well as to 
common numbers, if the following four rules be observed. 
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ADDITION. 

Rule. Arrange the numbers to be added, so that all the 
decimal points in them shall be in one vertical line; add, as 
in whole numbers, and in the result place the point below 
the row of points in the given numbers. 

Exs. 1. •765 + 3-418+&6+-004 + 276«01 + 45-00835. 

2. 7-101 + 61-703+ -00827+ 1*76 + '76+ '0688 +9. 

3. -006 +700-1 + 6-523+ •00415 + 76-66 + '26 + -0085. 

4. -000812 + 260 + 74 -32 + '00242 + 5 + -000846. 
6. -674 + -08342 + 2060 + 17*17 + 209-209+ '§. 

6. 43-1+163-002 + 72-183+ -0084169 + 145-03 + -8. 



SUBTRACTION. 

Rule. Place the less number below the greater*, so that 
the decimal points in them shall be in one vertical line; 
subtract, as in whole numbers, and in the result place the 
point below the points in the given numbers. 

If the lower line should extend to the right beyond the 
upper, ciphers must be supplied in the upper line. 

Exs. 1. -4086382- -2709. «. 4-107-3-1072686. 

2. 416-2-208-008476. 6. 67-628-18-41095. 

3. 705- -7684003. 7. 874- 4160- -83927. 

4. -000418- -00003624. 8. 16-1064--09846. 



* That quantity is always the laiger in which the number to the left of the poiat, 
i €. the whole number, is the larger, whatever be the length of the number folloi^-ing 
the ))0int. Thus of 3*275 and 1 '28964, the former \& the larger, because the 3 is greater 
than the L But if there be no whole numbers, the larger quantity will be found by 
placing the numbers, with their points one under the other, and observing which 
contains the largest number in the highest denomination ; thu£ -0375 is greater than 
'02046, because 3 hundredths is greater than 2 hundredths ; and 175 is greater than 
/)A4.9 hf>cnuse 1 tenth is greater than 8 hundredths. 
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MULTIPLICATION. 

Utile. Place the multiplier under the multiplicand just 
as in 'wrhole numbers; multiply as usual without taking any 
notice of the decimal points, and in the result place the point 
as many places from the right hand extremity, as there are 
decimal places in both the multiplier and multiplicand. 

For example; if there are tJvree places in the multiplicand 
and two in the multiplier, there must be five in the product; 
that is, the point must be 'p\it f/ve places from the right- 
hand extremity. 

These places shoidd be counted from right to left; and if 
there be not as many figures in the product as the rule 
requires, ciphers must be added to the left, to make up th^ 
proper number. 

Ex8. 1. -074109 X 23-3084. 5. 760-83 x -00984. 

^. -00846 X -00824. 6. •760604 x -089. 

3. 662'78 X -00008. 7. -001019 x -08074. 

4. 19-885 X -0084, 8. 800*416 x -0087. 



DIVISION. 

KutiB. Count the number of decimal places in the divi-' 
sor ; coimit also the same nimiber of places in the diyidend, 
beginning after the point, and make a mark ( ^ ) cutting off 
all the remaining figures of the dividend. If there be not 
as many places in the dividend as in the divisor, add ciphers 
till the number is made up, and then make the mark. 

Divide, as in whole numbers; all the figures in the 
quotient obtained by using the figures ia tb^b ^^^<b\A\f^ ^^ 
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left of the mark will be whole numbers. When these figures 
have been used, place the decimal point in the quotient, the 
remaining figures obtained by division will be decimals. 
About six places of decimals shoxdd be taken unless the 
division stops, by there being no remainder, before six places 
are obtained. 

Ex. I. Divide 285-61 72 by 45-8. 

45-8; 285-6U72 (,6-284 
2748 

1071 
916 



1667 
1374 

1832 
1882 



Here, since there is one decimal place in the divisor, the 
mark ( ^ ) is placed after the first figure beyond the point; and 
as the divisor is contained 6 times in 2855, there is an integer 
6 in the quotient, and the remaining figures are decimals. 

It may happen, as in Ex. II. below, that the divisor is 

larger than that part of the dividend which is to the left of 

the mark; in this case there will be no whole numbers in the 

quotient. And if, even when the mark is passed, the divisor 

is still too large, a cipher must be placed in the quotient, after 

the point, for every figure that is used beyond that mark, 

imtil the dividend becomes large enough to contain the 

divisor, and therefore till a figure, other than 0, appears in 

the quotient. 

Ex. II. 341-9; 2-66426 ^-0076 

23933 

17095 
17096 



Here tioo figures, 6 and 4, after the mark had to be used, 
before the figure 7 was obtained in the quotient; hence ttoo 
ciphers bad to be placed after the point in the quotient. 
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S. -003182i-f-73-8. 

fl. e3«7-M-843. 

10. -0080708-;- -00821. 

C. ■Olfl0828-r ■002*8. 11. -078384-=- 9*1 8fl. 

6. 27S41-T- -08483. 12. ■3001S745S-i-831. 



1. 1. ■07««83t-46. 

2. 410-176^-00824, 

3. 18-=-0084«. 

4. 24198-7-8-438. 



ANSWERS TO BX8. IN DEOIMALB. 



8. 783-45065. 
4. 83&-82107S. 



«. 4a4-ia84I0ft 



I. 1-7278622156. 

8. ■OOOO274104. 

3. ■01G0184. 

4. •186814. 
6. 7-4865672. 

6. -066803756. 

7. •00008227406. 

8. e-968Sl»2. 



1. ■J377S82. 

2. 208-191624. 

3. 704-231C997. 

4. -0003817S. 
6. ■eB873]6. 

6. 89-21205. 

7. 873-67673. 

8. 16-00794. 

DWAu. 

1. -001698184. 

2. 49778-64077 &o. 

3. 2127-eeeG7 &a- 

4. 2867-6041479. 

5. 6-486. 

6. 328673-1773 &«. 

7. 8-825. 

8. -(HHK)4Sl219£. 

9. 46261-68011 &A 
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THE FOLLOWING SIGNS MUST BE VEEY WELL EINOWN 

BEFORE THIS BOOK IS BEAD. 



'i-plM, placed between two numbers, shows that they are to be added 
together. 

— minus, between two numbers, shows that the latter number is to be 
subtracted from the former. 

X into, or mvltiplied hy, between two numbers, shows that the two are to 
be multiplied together. 

-^ h}/, or divided hy, between two numbers, shows that the former is to 
be divided by the latter. 

= equal to, between two quantities, shows that the quantities on* each 
side of it are equal. 

.*. stands for iherrfore, 

*.* hecauge, or since, 

> greater than, placed between two quantities^ shows that the former is 
greater than the latter. 

< less than, placed between two quantities, shows that the former is less 
than the latter. 

0^ placed between two quantities, shows that the smaller of the two is to 
be subtracted from the larger. 



Note, — ^The figures enclosed in parentheses, as (8) in p. 4, line 22, 
refer to preyious articles in the work. 



ARITHMETIC. 



Befobs cotninencing the considemtion of Fractions, it 
"will be necessary to explain certain properties of numbers, 
which enter yery much into the treatment of fractions. 



MEASURES AND MULTIPLES. 

1. Of two numbers^ the larger is said to be a multiple 
of the smaller, when the larger can be divided exactly, t. e. 
without remainder, by the smaller; and the smaller number 
is said to be a measure of the larger. Thus, since 12 can 
be divided exactly by 4, 12 is called a multiple of 4, and 
4 a measure of 12, So^ 16 is a multiple of S, and 8 a 
measure of 16. 

2. Also, one number is said to oe a common multiple of 
two or more numbers, when it can be divided exactly by 
the two or more nimibers. Thus, 24 is a common multiple 
of 6, i, and 2, because it can be divided exactly by those 
numbers; and 12 is the least common multiple of 6, 4, and 
2, because it is the least number that can be divided exactly 
by those three divisors. 

3. A number is said to be a common measure of two or 
more numbers when it will exactly divide those numbers; 
and the greatest number which will so divide them is called 

C.A. \ 
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their greatest common measnra Thus, 2, 4, 6, 12, are 
common measures of 24 and 36; and 12 is their greatest 
common measure. 

We shall for the future write o. c. iL for gr^test com- 
mon measure, and l. c. IL for least oommon multipla 

4. A number is called a prime number when it cannot 
be divided exactly by any number greater than 1. Thus, 
3, 5, 7, are prime numbers, because they have no divisor 
greater than 1 ; we also call such numbers primes, 

5. Two or more numbers are said to be prime to one 
another, when they cannot aU be divided exactly by any 
number greater than 1. Thus, 7, 8, 9, are prime to each 
other : but such numbers are not necessarily themselves 
prime mmibers; for 8 can be divided by 2 and 4; and 9 
can be divided by 3 ; but 8 and 9 have no divisojr common 
to botL 

6. All numbers not prime are called compodte; because 
they are composed of two or more prime numbers multiplied 
together. Thus, 6 is a composite number, being formed by 
the multiplication of the prime numbers 2 and 3. 

7. The prime numbers which, when multiplied together, 
form a composite number, are called fdLctors of that 
number. Thus, 2, 2, 2, 3, are factors of 24, because 
2 X 2 X 2 X 3 = 24. So the factors of 36 are 2, 2, 3, 3, for 
2x2x3x3 = 36. 

8. To break up a composite number into its prime fee- 
tors, divide it by the smallest prime which will divide it 
without remainder; and continue dividing by prime divisors 
until the last quotient is 1. The number will be found equal 
to the product of all the divisors — that is, all the divj^ors 
are its &ctora 
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Ex. To break 120 into prime factors : 

2J120 



2 ; 60 

2 ^ 80 ••. 2, 2, 2, 3, 5, are its prime factors, 

Z ) 16 or, 120=2x2x2x8x5. 

62 6 



When, therefore, I say^-break any number, as 120, into 
its factors, I mean, exhibit it in the above form. This form 
is called an equation: thus, 7 x 5 = 35 is an equation; and 
7 X 5 is called the lefb-hand side, and 35 the right-hand side, 
of the equation. 

EZ8. 1. Beiolve into prime factors 

1. 1050. 8. 1485. 5. 1820. 7. 64. 9. 2310. 11. 5724. 

2. 2625. 4. 1155. 6. 4802. 8. 4389. 10. 6342. 12. 1168. 

Ob8. If any one number be divisible by a second, we 
must have all the factors of the second number among the 
&ctor8 of the first: thus, if 36 be divisible by 12, all the 
&ctors of 12 ynil be among the Motors of 36, or 36 must 
contain all the factors of 12. 

9. Also, if I -wish to divide 35 by 5, (since 35 is the 
same as 7 x 5), I may divide 7 x 5 by 5 ; and since I know 
that the quotient is 7, 1 can now observe that that quotient 
is found by taking away the divisor 5 out of the product 
7x5: so also in the equation 7x3x5 = 105, to divide the 
105 by 5, take away the 5 out of the factors on the lefb-hand 
side, and there remains 7 x 3, or 21, as quotient; to divide 
by 7, take away 7, and 3 x 5, or 15, is quotient; or, we can 
divide by the product of two feictors at once : thus, to divide 
by 15, take away 3x5, and the quotient is 7. This is a 
tery quiqk method of dividing a composite number by any 
oiie or more of its factors, especially if the number be lax^e. 
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Thus, since 2520 :=2x2x2x7x3x3x5; 

or = 8 X 7 X 9 X 5; 
therefore, if I wish to divide 2520 by any measure of it^ as 
24, I take away 24, or 2 x 2 x 2 x 3, from its £EU3tors, and 
the product of the remaining factors, 7x3x5 = 105, gives 
the quotient. To divide 2520 by 63, I remove 7x9^ and 
the quotient = 8 x 5 = 40. 



LEAST COMMON MULTIPLE. 

10. It is required to find the L. a M. of 2, 3, 5, 6, 9, 10, 
12, 18, 20. 

Now, of the above numbers, we observe that 2, 3, 6, and 
9 are divisors, or measures, of 18; every number, therefore^ 
which is a multiple of 18, will also be a multiple of 2, 3, 6, 9. 
So likewise, every multiple of 20 will be a multiple of 5 and 
10; therefore, every multiple of 18 and of 20 will be a 
multiple of 2, 3, 6, 9, 5 and 10. I^ then, I find the L. a m. 
of the three remaining numbers 12, 18, and 20, that multiple 
will be the L. c. M. of 2, 3, 5, 6, 9, 10, 12, 18, 20. Now, 
12 X 18 X 20, or 4320 gives one common multiple of 12, 18, 
and 20, since this product is plainly divisible by 12, 18, and 
20; but this is not the least a h. 

11. To find the l. o. il, break the numbers 12, 18, 20, 
into their prime factors, as in (8), and place a comma between 
each set of £a,ctors, thus : 

12, 18, 20, 

2x2x3, 2x3x3, 2x2x5. 

Now, by (8 Obs.), in order that the l. c. m. may contain 12, 
it must contain all the factors of 12 ; .*. it must contain 2, 2, 3, 

so, to contain 18, 2,3,3, 

and to contain 20, 2«^9 5; 
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that is^ in the required l. c. iL I want two twos, two threes, 
and one 5; but in the product of 12 x 18 x 20, or of 
3x2x3x2x3x3x2x2x5, I have five twos and three 
threes; therefore I haye three twos and one 3 which I do 
not require; and, omitting these, the remaining factors, 
multiplied together, - give 2x2x3x3x5 = 180; where it 
may be seen upon trial that this row of &ctors contains all 
that IB necessary for 12, 18, and 20, and no more; and 
therefore the product of these factors is the least number 
diTisible by 12, 18, and 20, or is their l. c. ic. 

12. The whole work should be written out aa follows, 
where the mark ( - ) is placed over every number which is 
afterwards to be omitted :— 

275, 5, 6, 9, 10, 12, 18, 20. 

2x2x3, 2x3x3, 2x2x5, 

.*. L.o.M.=4x9x5=20x9=180 (A). 

Obs. It is worth notice that, in multiplying the numbers which are 
to form the L. 0. M., a little dexterity will generally enable the pupil to 
find the product mentally ; for instance, the numbers very often contain 
one quantity ending in 5, and one even number ; and these can be more 
readilymultipUed than any others, as is seen in line (A). 

Ex. II. To find the L. 0. H. of 7, 16, 32, 21, 56, 42. 

7, 16, 32, 21, 56, 42, 
2x2x2x2x2, 2x2x2x7, 1x3x7, 

•'.L.O.H.S 32x21 =^672. 

In this example, I first reject 7 and 21, because 42 contains them ; 
next I reject 16, because 32 contains it ; then, of the prime factors, I 
preserve five twos for the number 32, and reject the others : I preserve 
one 7, which is required for 66 and 42, and one 3 for 42. In preserving 
the five twos, it is better to keep them all together, rather l^an have 
some in one set of factors, and some in anoiheT, 
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EXS. 2. Find the L. o. ir. of 

1. 2, 3, 4, 8. 8. 1, 2, 8, 4, 5, 6, 7, 8, 9. 

2. 3, 5, 9, 16, 20. 9. 12, 38, 55, 27, 18* 
8. 8, 11, 5, 35, 21. 10. 7, 11, 18, 17. 

4. 7, 28, 85, 42, 63. 11. 8, 9, 10, 11, 12, 15. 

5. 4, 5, 8, 24, 40, 120. 12. 10, 14, 21, 28, 35. 

6. 5, 7, 9, 12, 15. 13. 18, 20, 24, 36, 48. 

7. 13, 14, 56, 68, 72. 14. 27, 86, 45, 42, 16. 



GREATEST COMMON MEASURE. 

13. We have seen in (3) ihat the G. c. m. of two or 
more numbers is the largest divisor which can exactlj be 
contained in those numbers. 

Where the numbers are not large, this G. o. if. may be 
found by breaking them into their prime factors; and if any 
factors are contained in all the numbers, the product of these 
will be the g. c. m. 

Thus, to find the g. c. m. of 36, 27, Hi; breaking up into 
fectors, we have 

36, 27, 144, 

2x2x3x3, 3x3x3, 2x2x2x2x3x3, 

Here it is plain that in these sets of &.ctors two threes 
and no other number are common to all; that is, 3 x 3, or 9, 
is common to all the numbers 36, 27, 144, — and is therefore 
their a c. h. 

14. But where the numbers are large, and ihey cannot 
be easily broken into fitctors, the following rule is to be 
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T&ke two of the proposed numbers, and divide the 
greater by the less: if there be a remainder, make that 
remainder a new divisor, and take the former divisor as a 
new dividend, and continue this process until there be no 
remainder: the last divisor wUl be the Q,au. 

If there be a third number, go through the same work 
with this third number, and the a. c. ic. of the other two; 
then, as before, the last divisor will be the g. o. il And the 
same process must be continued if there be 4, 5, &a, or any 
amount of numbers, of which we have to find the a. c. m» 

We -will try thk role upon the three numbers taken above, viz. 86, 27, 
and 144. 

27; 36 (1 9; 144 (,16 

27_ 9_ 

9) 27 (a 64 

27 6£ 

/. 9 is the a. 0. h. of 27 and 86 : and 9 is the G. 0. H. of 27> 86, and 
144, as was shewn above. 

Ex. IL Find the 6. C u. of 324, 456, 728. 



456(1 
824 




12; 728 (60 
720 


182; 824 {2 
264 




S; 12(^1 
8 


60; 182 (2 
120 

12; 60 
60 


(5 


4J8(2 
8 



.'. 12 18 the €1. 0. K. of 824, 466 ; and 4 is the a. 0. u. of 824, 456, 728. 

15. If the last divisor be 1, we then learn that the 
numbers have no common divisor greater than 1 ; i. e. they 
are prime to each other. 

Obs. Even when the divisors are less than 12, it is 
better to divide by long, rather than short division, because 
the remainders are thereby placed in t\i<& tsi!C^\» <^\£q^s^^s^ 
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situation for continuing the process. This role £>r finding 
the a. a iL cannot be proved true without the use of algebra ; 
but the method of proof is shewn below*. 

16. When we have to find the l. a M. or g. o. m. of any 
numbers which are not large, we may often, after a little 
experience, see the answer, without going through the work. 

Thus, if it were required to find the L. c. m. of 3, 4, 6, and 
8, a pupil would soon learn that 24 was the required number. 
The easiest method of performing this operation, without 
writing, is to multiply in one's head the largest of the 
numbers given, by 2, 3, 4, and so on^ until a number be 
found which will contain all the other numbers. So, in 
3, 4, 6, and 8, if I try 2 X 8 = 16, it will not hold the 6; 
but 3 X 8 = 24 will hold the 6 as well as t^e 3 and 4, and 
therefore is the required l. c. m. 

17. Again, to find the G. a M. of 4, 8, 12 : it is easy to see 
that no number greater than 4 can go in 4, 8, and 12, or 
that 4 is their g. c. h. 

When we can thus see the answer without working, we 
are said to find the l. c. m. or g. c. m. by inspection. 



* When any number measures two others, it will be found to measure any number 
composed either of the sum, of any multiples of those numbers, or their differenfit. 

For example, since 6 is a conunon measure of 18 and 24, it will be a mearan of 
(3X 18) + (4x 24) which=150 ; or of (7 X 18) - (3X 84) which=54. Thia role ean be prmwl 
true by algebra, and may be seen to be correct in the particular SSk. Just given. 

Making use of this fact, and referring to the first portion of Ex. II., I obsenro that 
every cm. of 324 and 456 must be a measure of (456-324) or of 132; also that avexy 
aiL of 132 and 324 must be a measure of (132+32^, or of 456; hence the common 
measures of 324 and 456 are precisely the same as those of 132 and 324; and therefore 
the greatest cm. of 324 and 456 is the same as the ffre<Ueti o. m. of 132 and S24 . Again, 
I see that 60 and 132 are derived from 132 and 324, just as these latter numben were 
derived from 324 and 456 ; hence it is plain that the o. c k. of 1S2 and 324 is also the 
O.O.M. of 60 and 132, and still further, that it is the same as theo.aK. of 12 and 60; 
hence the e. cm. of the original numbers S24 and 486 is shewn to be the sama as that 
of 22 Mad 60; but the o.cm. of 12 and 60 is 12; hence 12 is the acJC. of S24and 466. 
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EZS. 8. nndthea.o. 

1. 848 and 890. 

S. 510 „ 595. 

8. 413 „ 843. 

4. 217 „ 643. 



K. of 



5. 1836 and 1845. 

6. 4775 „ 10959. 

7. 715, 781, and 1067. 

8. 189, 216, „ 729. 



Shew that 827 and 529, also that 189 and 727 are prime to each other. 



Obs*— THE FOLLOWING 


ABBREVIATIONS WILL 


SOMETIMES 


i BE USED. 


Den' • • • • for Denominator. 


Bern' . . . far Remainder. 


Nam' , » » „ Numerator. 


Diflf* . . . „ Difference. 


Ft" . . . . „ Fraction. 


Gomp*^ . . . If Compound. 


Mnlt*. • . „ MultipUoation. 


Red* . . . „ Reduced. 


Add' . • . „ Addition. >* 


Com. • • * i, Common. 


Sub" , . • „ Subtraction. 


Quan^^. , . „ Quantity. 


DiT" . . . . „ Division. 


Imp* • • . „ Improper. 


Quot* . . . >» Quotient. 


Frac* . . . „ Fractional. 


Kr. • • • • V Example. 


Art. . . • • „ Article. 



FRACTIONS. 

18. Dbf. By the term Unity we are to nnderstand a 
single article of any kind, as 1 inchj 1 yard, 1 penny, 
1 onnoe, &c. 

Dbf. Unity is merely another name for the figure 1. 

19. A fraction is a part or parts of a number, or quantity, 
sapposed to be broken into any number of equal portions. 
I^ then, the unit be divided into 4, 5, or 6 equal parts, one 
of these parts will be called one-fourth, one-fiffchj or one- 
sixth, and is thus written — i, i, }. So also, if any ttiK> of 
these parts be taken, the quantities thus taken will be called 
^too-fourths, ^too-fiiths, and ^tc^sixths, t. e. of the unit oc ^ 
ane^ and b^ written J, j, f. 
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20. The number below the line, wbioh shews into how 

many parts the unit was broken, is called the denominatoTf 

because it expresses the denomination, or kind of parts, as 

fourths, fifths, sixths. The upper number, which ervufM- 

rates, or counts, how many parts are taken, is called the 
numerator. Thus, in the fraction f , ^ is the denominator, 
2 the numerator. 

Obs. Such a fraction as I have been describing is called 
a Vulgar Fraction, We shall afterwards find that VtUgar 
Fractions can be expressed in another form, and are then 
called Decimal Fractions, or more commonly Deevmals, 

21. Again, any fraction, as \, may represent other 

quantities, besides being two-fifths of one, as we have just 

explained. 

Fio. 1. 

-J \ ! \ I ImcK. 

! \ \ ! \ 2 inches. 



For if we divide the quantity 1, as 1 inch, into 5 equal 
parts (see Fig. 1), and also divide the quantity 2 into 5 
equal parts, then one of the latter parts will be twice as 
great as one of the former y or two of the former and (me of 
the latter have the same value. Now, the former or smaller 
is one-fifbh of 1; and the latter or larger is one-fifth of 2> 
and, since two of the former = one of the latter, therefore 
two-fifths of 1 = one-fiflh of 2, or f of 1 = J of 2; and both 
these quantities are expressed by the fraction f . Similarly, 
f means «ia>8evenths of one, or o?i6-seventh of six; \8. means 
three-fourths of 1 shilling, or one-fourth of 3 shillings^ each 
of which will, on trial, be found to be 9<^ 

22. From what has been said, it will be seen that the 
den' of a fraction shews into how many parts the unit is 
divided; since, then, f is proved to mean one-seventh of 6, 
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that 18, it ifl ^nal to 6 divided by 7; we hence see that a 
number placed as a den', undemeath any other number as a 
num', ahewe that this den' is to be taken as a divisor of the 
num'; thus, ^ implies that 15 is to be divided by 7 : but as 
long as I do not work out the div^, that division is said only 
to be expressed. Thus again, in the fraction ^, we under- 
stand that 23 18 to he divided by 7* 

We shall hereafter see more clearly than now, that if 
.23 is divided by 7, the fraction ^ may be called the 
patient. — (See Appendix, Art. Fractional Quotient.) 

23. A fraction is called a proper fraction when the num' 
is less than the den'; thus, |, i, are called proper fractions, 
because they really represent a part or parts of a unit, and 
are less than the whole unit. 

24. A fraction whose num' is equal to, or is greater 
than the denom', is called an improper fraction: Thus, 
6, ^, ate called improper fractions, because they are not in 
reality parte of a unit broken up — i. e, are not less than 
the whole anit->— but they are either one complete unit, or 
more than one. 

25. Any whole number may be made to appear as an 

improper fraction with any required den', by multiplying 

and dividing the whole number by that denominator. 

3x5 15 21 

^Phus, 3 = ■ V -- = -^ : if the required den' be 7, 3 = -^. 

26. A mixed number is one formed of a whole number 
and a fraction, as 3|, which is read three and two-fifths — 
that is, three units, and two-fifbhs of another unit; just as 
38. 7d, means 3 shillings and -j^ of another shilling, and 
might be written 3iV*9 where the unit is one shilling. 

217. A fhkction consisting of two or more frafl 
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connected by the word of placed between them, is called a 
eompwmi fraction; as ) of f of f : and a wmij^^^ex fraction 
is one in which either the num' or den', or both, are 
fractions; as 

21 3 li fofll 

T' 75' 'W ~W' 

This last fraction is thus read : eight-ninths of one-and- 
two-thirds, divided by seven-and-one-fifbh. 

28. To multiply a fraction by any whole number, we 
multiply the num' and retain the same den'. 

Thus, if it be required to multiply A by 4, — just as 

4 times 5 pmfiQ = 20 'peiMe^ so 4 times fi4mXfih» = 20- 

20 
iwdfths^ or Yo > 

5 , 20 ... 5 X 4 , 
••. 12 ^ * ^ 12' ^ "12"' ^^ 

To multiply a fraction by a whole number, the num' is 
multiplied by the number, and the den' is not altered. 

29. Again, to multiply a fraction by any whole number, 
if possMe^ divide the den' by this multiplier, and leave 
the numerator unaltered. By this rule we should have 

12''*"12h-4""3* 

To prove this, let any unit be divided — 1st, into 3 equal 
parts, and 2ndly, into 12 equal parts (see Fig. 2); thai 

Fio. 2. 
i 



1 



each oi the larger parts is called |, and each of the smaller 
^ Now, one of the thirds is four times as lai^ as one of 
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the iweytis, therefote 6 of sach thirds are 4 times as large 
as 6 of the twelfths; 

or, in the former shape, To ^ * = q» which = ^^j ,; hence^ 

In multiplying by a whole number^ the den' must be 
divided, and the num' left unaltered. 

I sabjoin a ipedmen of the form in which these Exs. should be 
frorked. 

7^ x6 



18 18-7-6 8' 

5 „«_ 5x8 40 

18^"" "ifiT ""is" 
Exs. 4. 

I. Multiply i by 2, 8, i, 6, 6, 7, 8, 9, successiyely. 
u. Multiply a by 8, 5, 6, S, 9, 12, successively. 

30. To divide a fraction by any whole number, divide 
the num', if possible, and keep the same den'. 

Thus, if it be required to divide H by 4, just as 12 pence 
divided by 4 would give a quot^ 3 pence, so 12 ihirteentha 
divided by 4 would give a quot^ 3 thirteenths; 

12 . 3 ... 12-^4 , 
.-. -jg -^ 4 = j^ which =—jy; hence. 

The num' is divided by the given divisor, and the den' 
unaltered. 

But if we cannot divide the num' of the fi* by the whole 
number, then we must multiply the den' by this divisor. 

3 3 3 

By this method ^ -f- 4 would = •= — . = ^t^. 
•^ o X 4 20 

To prove this, observe in the fractions I and i^, thi^ in 

the first fi* the unit is divided into 5 equal partSi i 
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Fig. 3,) and therefore each ^ ^; and^ in tiie second^ the cta.ine 
unit is divided into 20 equal parts^ and therefore each ^ ^: 

fto. 8. 
1 

Y 



I 



1^ 

■^T— r - - *•* -- ■ ■ . .1 > - .- 

iiiiiiiaiiiiiiiiiiii 

how it is plain, £rom Fig. 3, that one-^Sth, when divided by 
4, becomes cme-twentieth; so ^Af ^fifths divided by 4 become 
tAree-twentieths ; 

We multiply the den' by the given divisor, and leave 
the num' unaltered. 

The following are specimeDS of the mode of working. 

10"^* 10 10' 
10 10x6 60* 

Obs. Since it rarely happens that we can divide any 
num' or den' by any chance number, we therefore, in multi- 
plying a fr^f have, as a general rtde, to multiply the num'; 
and in dividing a fr**^ to multiply the den'. 

Ezs. 4. 

III. Divide ^ by 2, 3, 4, 5, 6, 7, 8, 9, successively. 

IV. Divide JJ by 2, 3, 4, 7, 8, 9, 18, successively. 

31. We have now shown that to multiply a fr* by a 
whole number, we multiply the mim% and to divide a &* we 
multiply the derf; therefore if we multiply both num' and 
den' by the same quan^, we shall have both midtiplied and 
divided the £r^ by the same number; but since to multiply a 
guan^ by any number, and then to divide by the aaine^ leaves 



the original quan' unaltered, therefore to multiply both 
nnm' and den' of a fr* will not alter its valae : 

mu 8 8x4 12 
^^'6 = 671*20' 

and by observing Fig. 3, we shall see that since 3 of the 
large divisions, or Jlfths, = 12 of the small divisions, or 
ttoentieths, we have by inspection the same result, viz. f = } J. 

32. So also, since by dividing the num' we divide the 
whole fif, and by dividing the den' we multiply the same 
fr"; therefore, if we divide both num' and den' by the same 
quantily, the fr° will remain unaltered in value : 

-, 12 12-4-4 8 
^^"'20 = 20:r4 = 6' 

by a process opposite to that in the last Art. 



TO REDUCE A FRACTION TO ITS LOWEST TERMS. 

33. We have shown that both num' and den' of a fr"* 
can be divided by the same number without altering the 
value of the fr°j and if the num' and den' cannot be exactly 
divided by any whole number, the fr" is said to be in its 
lowest terms, because it is expressed in the lowest possible 
numbers. 

Thus, f , i are fr" in their lowest terms, because 3 and 4 
in the first fr*, and 5 and 6 in the second fr", have no 
common divisor, or c. m. 

But ^ is not in its lowest terms, for both num' and den' 
can be divided by 4; and the fr" will then be f. So also, in 
fr" Jl, 5 is G. c. M. of num' and den'; and the fr"* in its lowest 
terms = f . 

It is plain, therefore, that if any fr** be not itL \t& Ics'^^Si^^ 
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terms, and we wish so to reduce it^ both num.' and den' must 
be divided by the greatest possible divisor, % e, hj their 

0. C M. 

In working a sum of this kind we should express the 

operation thus : • 

15 15-5-5 8 
25*26-7-5*5' 

but when, in future, it is necessary to use this operation, it 

may be thus written, H = f, the intermediate step being 

omitted. 

34. When the num' and den' of a fr" are both small 
numbers, the g. c. m. may be often found by inspection, or 
sometimes some c. if. may be found, though not the greatest; 
and, by dividing by it, the fr" may pa/rUy be reduced; and 
then a c. M. of the fr" so reduced may be found, and a 
second division performed, till we reduce the fr", if not to 
the lowest, at any rate to lower terms. 

Thus, jftf^ = j^ = f is now reduced to lowest terms. 

It is worth notice, that every number ending in 5 or 
must have 5 for a divisor, and every even number can be 
divided by 2. 

But if mere inspection will not tell us the o. c. h. of 
num' and den', it must be found by the method already 
given (14) for finding the G. o. M. of two given numbers. 

EZS. 5* Bedace to their lowest terms 

1. « 8. J» 5. «ft 7. T^V 9. ^AftSr 11. Itt 

2. 1^ 4. Hji 6. If H 8. 4UJ 10. im 12. m 



TO REDUCE AN IMPBOPEB FRACTION TO A WHOLE OR JUXBD 

NUMBER. 

35. Ex. To reduce ^ to a whole or mixed number. 
We have before shown (22) that this fr" expresses that 17 is to 
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be divided by 6; now, if the 17 were exactly divisible by 6, 
the quotient would be a whole number; but if not, as in 
this case, then since 15 is the largest multiple of 5 below 
17, we can divide the 15 by 5, and the quotient is 3; but 
the division of the remaining 2 by the 5 cannot be p&r* 
fimned: it must therefore be understood, by placing the 
divisor 5 underneath the 2 as a den', and thus i may be 
said to be the quot^ of 2 when divided by 5: the whole 
quotient will, therefore, be 3 and | ; and the operation may 
be thus written — 

17 15+2 15^2_^. 2 

or, as it is generally written, = 3f . 

Also, since 5-fifths = 1, therefore 15-fifths = 3, and 17- 
fifths must = 3 and 2-£ifth8, or 3f, as just shown. 

36. In writing the whole operation as fully as has been 
done above, it is necessary to find what is the rem' after the 
num' has been divided by the den'. It must then be placed 
88 the rem' 2 has been placed in the above Ex., and the 15 
is of course found by subtracting this rem' from the whole 
num'. Where the num' and den' are small, this rem' may 
be found without working any div^ sum on the paper; but if 
the numbers are large, a div^ sum must be worked before the 
above operation can be shown. 

827 
Thus : Ex. 2. Beduce -r^ to a whole or mixed nmnber. 

19) 827 Ct7A 
19 

l£$7 Here, the rem' being i, the largest multiple of 19 below 

133 827 is 823, which contains 19, 17 times, 

19 
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8S7_ 823+4 ^823 4 



therefore we have -^^ = — *—^ — = -777 + ^^ =17^ J 



or, as usually written, -r^ ~17^> 

EzSi 6. Beduce to whole or mixed numbers - 

- «4 888 *; nail t, 10001 O irB9 11 1T4» 
9 H9 A OOa A »g7« Q 9998 ^A 8481 IQ 4001 



TO heduce a mixed kuhbeb to an impropeb fraction. 

37. Ex. To reduce 3i to an improper fi*. That we may 
explain this operation properly, we must observe, that in 
order to express two or more numbers in one sum, these 
must all be of one kind or denomination j thus, in a simple 
addition sum, we add units to imits, tens to tens, &c ; and 
in a compound addition sum we add together like quantities^ 
as pounds to pounds, shillings to shillings, &c. 

I^ therefore, I have to express in one sum 3 units and 
2 fifths, these two quantities must be reduced to the same 
kind. Now, I cannot reduce the fifths to a whole number, 
because two-fifths are less than unity; I must, therefore, 
reduce the 3 units to fifths, that is, I must express 3 as a &^ 
with a den' 5. 

Thus, by (25) 3 = ^~- =•— ; adding then the 15-fifths 

to the two-fifths, I have the sum 17-fifths, or ^. 
The whole operation may be thus expressed : 

3x5+2 _ 15+2 __ 17 

38. It will be seen that this Ex. is exactly the reverse 
of that in (35); and we may observe, that the num' of the 
improper fi*", viz. 17, is obtained by midtiplying the whole 
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number 3 bj the den' 5, and adding the former num' 2 : thus, 
in working the above Ex., I should say 5 times 3 are 15 and 
3 are 17. 

When, then, we have in future Ex' to reduce a mixed 
number, 3f , to an improper fr*, we should merely write 
3| = ", where aU the intermediate work can be performed 
mentally, whoi the numbers are not large. We could thus 
write 9^ = ^, because 12 times 9 are 108 and 7 are 115. 

EZS. 7. Bedace to improper fractions 

1. If 8. ISA 5- 180^T 7. 175j^j 9. 145tVV 

2. 4J 4. 276 A «• lOOiU 8. 45 J H 10. 77 jV 



TO SEDUCB FBAOnOIirS TO A COMMON DENOMINATOR. 

39. It has been shown (37) that numbers, whether whole 
or fractional, cannot be added together, without being reduced 
to the same denom^ or kind. 

We must^ therefore, show how to reduce fractions to a 
common den' ; and then they will be of the same denomi- 
nation. 

T? 3 6 7 9 

^ I' 6' 8' To* 

Now, in order that the fractions, when reduced, may still 
consist of as small numbers as possible, we shall always find 
their least common den'. 

Also, since we can alter the form of fractions only by 
multiplying or dividing both num' and den', we must there- 
fore multiply these present den", each one by some number, 
so that they all shall be changed into the new den' ; and for 
this purpose the new den' must be divisible by all these 
den", and therefore must be their l. c. m. 
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Working according to (12) we find the L. a IL of 4, 6, 8, 
10, to be 120. We now choose such multipliers as shall 
make 4, 6, 8, 10, become 120 : these will be found by 
dividing 120 by the 4, 6, 8, 10 ; and are 30, 20, 15, 12. 

Now, we know (31) that if we multiply the den' of a fi* 
by any number, we must also multiply the num' by the same 
number, or else the fr" will be altered in Talue. We there- 
fore work thus : 

8_ 8x80 _ 90_ 

4 " 4x30 ""120 

6_ 5 X 20 _ 100 

6 "" 6 X 20 " 120 

7_ 7xl5_ 105 

8 8 X 15 - 120 
iL- g^l2 _108 
10 " 10 X 12 120 

and these fractions may be thus written, — ^ ^i oa~^ ihowing at 

liSv 

once that they have the same den'. 

40. In working simis of this kind, we should have to 
write down the process of finding the l. c. M. of all the den", 
unless we could see it by inspection, which cannot be often 
done, when the numbers are large. 

If it can be done, we must then merely write as the first 
line of the work l. c. M. = 120, or any number that it may 
chance to be. 

EXS. 8. Reduce to their least common denominator 

3» tit Hi IT* Tff "' T* TVf Tw TtSj TTF ^* Hf VVt Ht TTtF 



TO ADD TOGETHER ANY NUMBER OF FRACn0N& 

41. These may be all proper fractions, or some of them 
may be proper, some improper, and some miLcd number& 
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We have already seen that in order to add fractions 
together, we must reduce them to a com. den'. Now, this 
has been done in the last two Art' ; and therefore we have 
only to conclude the operation in the last Ex. by performing 
the operation of adding the fractions so prepared. Now we 
observe, that whatever number of quantities of any kind are 
to be added together, the kind or denomination is not thereby 
changed : thus, 7 months added to 5 months would be 12 
months; &o,.A'twelfth8 + Z'twel/ihs = 7'tv>el/th8f which, ex- 
pressed in figures, gives A + A = iV j hence it is plain that 
we have only to add the num" together, and retain the same 
den' ; therefore, so doing in the last Ex., we have 

^^1. iL». 90+100+105 + 108 403 
sum of the fi-= — =_ 

= 3^ by (35). 
If the proper fr* ^ had not been in its lowest terms, it 
must have been reduced to that state before the sum could 
be called complete. 

42. If some of the &^ to be added together be mixed 
numbers, we must first add the frac* parts precisely as above ; 
and to this sum then add the amount of the whole numbers. 
Thus, if the Ex. which we have just worked had been as 
follows, 3| + f + 6J + 15 A (where the insertion of the whole 
numbers 3, 6, and 15, is the only alteration), we should then 
have, as before, 

sum of the fractional parts = 3^ ; 
therefore, adding in the whole numbers, we have the whole 
8um = 3 + 6 + 15 + 3^ = 27t^. 

We will now work a second example completely. 

Find the sum of 5J+ If +?+ 4J+ 1. 

8, 4, 7, 6, 8, 

7, 2x3, 2x2x2, 
L.O.M. = 7x8x8=21x 8=168. 
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2 2x56 _ 112 
8 ■■ 8 X 66 " 168 
8 8x42 126 
i *'4x42* 168 
4 ^ 4x24 96 
7 7x24 ~ 168 
6 5x28 140 

6 * 6 X 28 ** 168 

7 7 X 21 147 



8 8 X 21 168 

., - *A^ 1 _x 112+126+96 + 140+147 

therefore, sum of frac' parts = —^ 

loo 

= j|g = 3Hf = 3{| [in lowest terms] 
and whole sum = 5 + 1 + 4 + 3 Jf =« 13f|. 

Obs. If there be any improper fractions in the proposed 
example, they may be reduced to mixed nimibers before we 
begin to reduce to l, c. d. ; or, if they are not very large^ we 
may proceed with them as with the proper fractions. 

EXS. 9. Find the value of 

1. i+i+^+H S. lOI+lA+A+H* 

2. i+i+ii+ii- 6. 17+lA+f+18if 

3. i+i+U+n+i 7. 6A+a}+«+i7A+iA 

4. l+ii+A+ifr 8. 7A+8A+&A+iOiV 



SUBTEACTION. 

43. The examples under this head will be of different 
kinds. 

1st. When there are two fr"", both proper, as ^ - J, i. 

2nd. When there are two fr", one or both of which are 
mixed numbers, as 7 J - 3|, IL ; 8 J - 2}, in. ; 8 - 2f, iv. 

If there be any examples containing improper fr**', such 
examples may either be worked as i. ; or, by reducing the 
improper fr"*' to mixed numbers, we bring them imder n., in., 
orjv. 
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The difference between u., m., and iv. consists in this, 
that 

in n. the former frac* part f is > the latter f ; 

in«i-» n „ *is< „ ^; (A) 

in IV. „ „ „ is 0, and .% < ^. 

44. Under the head of Subtraction will also come ex- 
amples in which there are more than two fractions; and 
wherein we have to find the difference between the sum of 
one set of fractions, and the sum of another set, as in the 

following 

Ex. 5f + 4t-J+3J-7*; 

wherein the signs + and - show that I am to take both i 

and 7f, that is, the sum of i and 7^, from the sum of 

6| + 4t4-3f. 

Def. If any numbers, either whole or frac\ are joined 

together by one or more of the signs +, -, <fec., the whole set 

of numbers thus connected is often termed an expression. 

45. Just as it has been shown that fractions cannot be 
added together until they are reduced to a c. d., so it will 
appear that one fr° cannot be subtracted from another till 
the two fr^ are reduced to a c. D. Thus, if I had to take 
3 pence from 1 shilling, I must bring the Is. to pence, and 
then take 3 J. from 12ef., obtaining a rem' 9d, 

3 1 
Taking, then, Ex. i. — — ^ » ^® ™*y ^^t by inspection, that L.c.D. = 20; 

^, , 3 3x2 6 1 1x6 5 

therefore - = j^=-; 4 = 4^ = 25; 

"^^ To-i=^r=2o- <^) 

When the l. c. d. is not large, say under 160, a pupil 
will, with a little experience, soon be able at once to write 
down the line (B), without working the two previous opera- 
tions on paper. 
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46. It was said in line (A) f<f; a beginner cannot see 
this at once ; but he may do so very readily — ^thus : we 
already know that no two quantities can be compared, to see 
which is the larger, unless they be of the same kind ; so, two 
fr" cannot be compared unless reduced to a a D. Any c. d. 
will, however, do for the purpose of merely telling which of 
the two fr" is the larger ; now the product of the two den" 
is always one c. d., but not always the least; therefore since 
35 is a c. D. of f and f, 

2 8 2x7-6x8 14-15 



5 7 5x7 35 



; (Q 



J . ^i <r XI. # 1* ^15 2 8 

and since 14<15, therefore ^<rz, or- < c . 

do oo 7 

Now this result may be very rapidly obtained without 
any work on paper; for if we observe line (C), we notice 
that the numbers 14 and 15, which numbers alone I wish to 
compare, are found by multiplying the num' of the 1st fir" by 
the den' of the 2nd, and the den' of the 1st by the num' of 
the 2nd. Thus, beginning with the num' of the 1st, I say, 
mentalli/y 2 x 7 = 14 : and again, 3x5 = 15; therefore^ since 
the first product is less than the second, so also the first ft^ is 
less than the second. 

Taking one or two more Exs. of this process — 

3 2 

1. To compare tl and ^ : I say, 3x9 = 27; 7 x 2 = 14 ; 

therefore the former fr" is the larger. 

3 7 

2. To compare g and r^ : Isay,3 x 12 = 36; 8x7 = 56; 

therefore the latter fr" is the larger. 

It will be noticed that the c. D. to which we have just 
now mentally reduced f and ^ is 96 ; but when we come 
to the actiuil 8vh% we shall not use this c. d., but the K a IX 24 



47. In Ezs. IL* m., iv., we may bring the inized nxun- 
bers into improper fractions, and work them as in Ex. i. ; 
bat sinoey when the nmnbers are large^ the work becomes 
heaTjr, it is better generally to employ the same process that 
we use in Comp^ Sab^ Take as patterns the three following : 

• A B 

9, d, $, tL i, d, 

18 9 18 2 18 

15 8 35 5 15 5 



3 6 2 9 2 7 



Kow, in these Ezs. it will be seen, that where the number 
of pence in. the upper line exceeds that in the lower line, as 
in (a), we can at once subtract the ^d. from the 9c?., and the 
15& from the 18«.; giving a complete rem' 3«. 6d So in 
Ex. IL, 7} - 3|, since } > f , therefore I can take the i from 

the f , and the 3 from the 7. 

3 2 
The difference of the fiuc' parts = j — - = (when reduced 

• 15 — 3 7 
to L. a D.) - \^ ^ 9fi > ^^'^ ^^ ^^ *^® whole numbers 

= 7-3 = 4; therefore, difference of the complete fractions 

= 4 + ^, 

The following Ex. is written as it sKould be worked. 
Find the valae of 9|— 5^. 

L. 0. D. = 40. 
3' 1' 15-8 7 



• • 



8 5 40 40' 
And 9-5=4. 
,.. 9{-5i=4A. . 

48. But in (b) and (c) the number of pence in the 
lower line is larger than in the upper, and in both cases X 
must bortow Is. or \2d. from the 18^. in the u^yer liikA^^sA 
c. A. ^ 
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add this ISdL to the pence in the tq[>per Kne, if tiicrb be any; 
and when I have sab^ the Sd. from the lid. in {B)y leaving 
rem' SdL, and from 12dL in (c^ leaving ram' TdL, I eabtiwct 
158. from 17&, (not 18«.| because I have just borroved Is. 
from the 18&) and in both cases I have a rem' 2$.; therefore 
the whole rem' in (b) is 28. 9d., and in (o) is 28. 7A 

I now apply this process to Exs. m. and iv., vie. 8f - 2^ 
iiL j and 8 - 2f, rv. As, then, in the Oomp* Sub^ I borrowed 
Is, from the higher den*^ 18^., and added it to the pence in 
the upper row, if there were any, so I borrow 1 from the 8, 
and add it to the former fr*, if there be any; thus in IH. I 
add the 1 to the }, and then subtracting % I sqr-^ 

-2_8 7 8 __ 49-15 Z% 
^6 7*6 7^ 86 *86' 

then, taking the 8 as 7, 1 have 7 -<* 2 « 6; therefore^ qqoi- 
bining the results of the two subtraofcionfl^ I have 

8|-2f=6+««6». 
I^ however, it is desired to have the result in the form of 
an improper fraction, as will be found most convenient in 
Exs. which involve Mult"", we may bring the two quantities 
to improper fractions, as mentioned in (47); thus » 

9 o,_42 17 _ 294-85 209 



6 7 85 35 ' 

The following Ex. ia written as it Bbonld be worked. 
Find the value of 17^— llf . 

2<-.% borrowing l,Ihavelg-g = 2-g = -j-=:g = g. 

And 16-11=5. 
.'. 174-llf ^6|. 

49. In Ex. IV., 8 - 2f , I borrow 1 from the 8, but es I 
haye no former fr" to which I may add this 1, as in Ex. xiL, 
thes-efore subtiticting the second fr^ f from the 1, I have 



1 

1 - y = (when red* to L. a d.) ^ -^ =_- =^3 (D) 

and taking 7 instead of 8, as before, I have 7~2s6; 
therefore^ I should work as follows— 

1 5 7 5 2^ 

And 7-2=5. ' 

50. In the line (D) I may observe that when the 
nnmber 1 is expressed as a fr", its nnm' is made the same as 
the den' of the fif which I have to subtract: thus, 7 is the 
new num', and is also the den' of the original fr°; whether, 
therefore, I subtract the smaller num' from the new num' 
or from the den' of the smaller fr* I obtain the same result, 
Tiz. a rem' 2; and I might say at once 1 -f sf, where 
the 2 has been found by subtracting the num'5 from its own 
den' 7. Working thui^ I should have written the whole 
Ex. as follows: 

8-2|=(7-2)+a-«=5|» 
only that in common use I should not write the figures 
enclosed in the two parentheses. 

51. Lastly: when i^ere are more than two fractions, as in 
Ex.v. 5f + 4:|-J+3|-7f. 

Here, omitting for the present the whole numbers, I hare 
to subtract the sum of | and ^ from the sum of f + f + f . 
Since the two fr^ to be subtracted are together less than the 
three from which I have to subtract them, no difficulty will 
occur, and I proceed as in an Ex. in Addition, taking care 
to arrange the fr~ to be subtracted last: 



2.8.5 1 8 



S"*"?"*"* 2 7' 
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9, 8, 6, 2, 7. • 
3x8, 2x2x2, 2x8, 7. 
L.o.D. = 9x8x7 = 72x7 = 604. 
2 2x66 112 « 





9" 9x66 604 




3 - 3x63 189 




8~ 8x63 ^604 




6 . 6 x 84 420 




6 ~ 6 X 84 604 


_ 


1 1x252 252 




2~2x262 "604 




3 3x72 216 

7-7x72 g04 


.2 + 3 6 
••9+8^6 


1 3 112+189+420-252-216 

2 7 - 604 




721-468 263 



604 604 

therefore, bringing in the whole n^vnbers with their proper rign% 

the whole expre8sion=6+4+3— 7+ 504 '"^^^'*' 504 

52. We will take one more example of this kind 
Ex. VI. 3^-4j + 7j»f. 

Now here i + f are > t + ^i hut since this cannot be seen by 
mere mspectum, I proceed as in Ex. v., as though I did not 
know this, and provide for the difficulty at the proper time. 
Placing the fr°' to be subtracted last, I have 

4 2_1_3 

6"'"7 2 4 

6, 7, 2, 4, 
L. c. D. = 6 X 7 X 4 = 140. 

4_ 4x28 _112 

6 6x28-140 

2_ 2x20 _ 40 

7 "* 7 X 20 "■ 140 



vRiurnoNS. 29 

l_ lx70 _ 70 
2~2x70"'140 

8 3x35 105 



4 4 X 85 140 

^, . 4.2 1 8 112+40-70-105 
therefore - + — — ~ — = — 

6 7 2 4 140 

152-175 



(E) 



140 

Since, iihen, 175 > 152, it now appears that I oiiglit to 
have borrowed 1 ; but rather than begin the work again, I 
IHX)ceed thus: firom the m in line (£) I take as much of 
the iJJ as I can, vi?. JfJ, and there will remain ^, which 
cannot be subtracted, and before which I place the sign (-), 
to shew that it has yet to be subtracted; but if I now borrow 
1, 1 can subtract this ^^ from the 1, and remember to count 
the first (4-) whole number in Ex. vl (i. e. the 3) as one 
less than it now stands. The whole operation may be thus 
written^ recommencing with the line before (E) : 

4 2 1 8^ 112+40-70-105 
5-7 2 4 140 

^ 152-175 ^ -28 
140 140' 

Therefore borrowing the 1* 1- i^ - Jg- ^0 = liU' 

and writing 2 for 3 in ipSx. vi., and inserting the whole numbers with 
their proper ngns^ 

the whole expression =2+7—4+ 7-77- =9—4 + itjk 

14U 140 

EZS. 10. Exhibit in one term each of the following expressions : 

13. 88-27H 

14. 3|+4f-7i 

15. 18i-7H+f 

16. 7i+4i-A+SrV-5«. 

17. 8|-6f-f+15i-3^ 

18. 184-5f+ 4^-^4-4, 



1. 


f-J 


7. 


51-*? 


2. 


H-A 


8. 


i7A-nA 


S. 


H-^ 


9. 


84-4* 


4. 


H-a 


10. 


n-m 


6. 


n-a 


11. 


8-3f . 


6. 


a-a 


12. 


17-4 
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MULTIPLICATION. 

53. We will show, as we proeeed, that the operation of 
multiplication in fractions may be expressed in two ways, 
and that the word of and the sign ( x ) placed between fr^, 
have the same meaning: thus, we have to prove that 

c of ^ of 3i and = x ^ x 3f have the same value. (I) 

The pupil must hetB dearly call to mind the me&od of 
multiplying and dividing fractions by wbok nombortfr (31) 

5 2 

I will first begin with a pair effractions, ^ ^ >< ef 

It has been proved that f means (me4kird of 2; thorefore 
I have now to multiply f by one-third of 2: heiioe the pro- 
duct ought to be one-third of the product Ibulid hf ttiidti- 
plying by 2 alone: i e. if I multiply bj 2, and then take 
one-third of that producfc, I shall obtain the correct results 

Multiplyhig |by 2, 1 have ? x2« ^; 

and since to take one-third of any quantity is to divide it by 
3, 1 divide this last fr" by 3^ and have 

5x2^5x2 5x2 

Commencing now with the expression f of |: we know 
that f means 5 times one-seventh; therefore, if I have to 
take five-sevenths of any quantity, I first take on^-seventh 
of it, and then multiply the quot^ so obtained, by 5 : t. e. to 
take f of f , I must divide the | by 7, and multiply it by 5 : 
hence, according to our rules of mult" and div" of fractions 
by whole numbers, I multiply the den' of the } by 7, and 
the num' by 5, and have 

5 .2 5x2 ^^ 
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Qvafmag (O) and (H)} Inotr pnoetTe that 

54. The IbnonKng ezplaiiati<m mayi periiapiry be intelligible to lome 

In mnliiplying • qnantityy whether whole or fraotional, by a whole 
number^ 1 repeat that q;aantit7 ae many times ae there are units in the 
aralt^^tier; 

Thos, 7x<^<xr 7 timesl^, aieins thatlamtofej^tlieSatmany 
times as then are units in 7 ; 

So, 7 xf diowB that I am to repeat | as often as there are nnitsin 7; 

Also, 1 ^t sh6ita that I am to repeat 4 as often as there are units in 
1, i e. 1 time^ or onoe : 

Therefore, fx^ onght to mean, that I am to repeat i as often as 
tlitte are tndts in ^ 

Kow, I does not oontain 1 imit^-^it only contains | of 1 unit ; there- 
fore^ |x|r is f repeated f of once, i. e. it=| oC onee fi or | of | ; and 
this is the reqnired resolt, as in last article. 

Sff. nrom whftt lifts been shown in (5dX we may see tbat 

5 2 5x2 10 

2 5 2x6 10 
•^ 8 7"Sir7*'21' 

, . 5 2 2 5 

therefore 7^z~S^7' 

and since the sign ( x ) and the word of between fi*" have 
been shown to have the same meaning, we see that 

5-2 2 .5 

= Of;r»s Of^, 

7 8 8 7 

56. Proceeding with the expression (F) in (5^), and 
changing 3| into aa im|f fir^, we have 

r'a *****= Tin o^T'" 

S ^ 2 18 

and since = — s is one fr", and -^ another fr", I may use the 
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method of multiplying^ whioh has been ahonpi. to be trae 

for ttoo frsLcHoDB ; 

* 

therefore^ of- of H= 7735^: ,{D , . . 

] and if the expression in (F) had consisted of fonr fi** eon- 
. nected by o/* or ( x ), the first three might have been reduced 
to one fr°^ as in (I), and we should then have hi^ but two 
fr^, which we have just shown how to reduce to" one. There- 
fore the results proved in lines (£% (G), (H), (I), are tnTe, 
whatever number of fr^may be contained in any compound 
fraction. 

• ■ * * » 

57. To return to (I). It has been proved that if a 
num' and den' have any common measure^ both of them 
may be divided by this common measure; therefore if in the 
right-hand side of equation (I), we find any factors common 
to both num' and den', these should be struck out before we 
complete the multiplication. 

We see in this case that there is a &ctor 5 in the num' 

and den'; also, that 18 in the num' and 3 in the den' have 

a common divisor 3 : dividing by these common factors^ 

1 e 

the expression stands thus, 1^ ^.^^ . 

1 1 
The remaining factors in the num' are 1, 2, 6; and in 

the den' are 7, 1, 1; these form a fraction --=— = -=• = If. 

This process of striking out factors from num' and den' is 
called cancelling, and is to be continued as long as any fiustors 
can be found common to both num' and den'. "When the 
numbers are large, this cancelling cannot be readily per- 
formed, except by those who have had some experience. 
Obs. a factor 1 left in a num' or den' will not alter 
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• 

the value of the other factors which remain, when we multi- 
ply together all those in the num', and all those in the den'; 
and hence the figuros 1 need not be written, as in the above 
Ex.; but it must be noticed, that if no other &ctors remain, 
the value of the numf or den' will consist of the product of 
as many figures 1 as there were factors in the nimi' or den' 
before cancelling; u e, it will be= 1. If, therefore, all the 
factors in any num' or den' have been cancelled, the num' or 
den' of the firaction after cancelling will be 1. But when 
thia occurs in the den', it need not be expressed, but the 
result written as a whole number, 

Ex.!!. 8|x35xJl=^^v^xi^ '^ ' 

7x7x17 838 — , 
= 4—^^ W 

«208i. 
Here 42 and 24 had a 0. K. 6, and 5 and 35 had a c. m. 5. 

Th» fit" — in Mne (K) will be in its lowest terms, if all the foctors 
common to num' and den' have been cancelled at the proper lime. 

Ex. in. {of7iofAoff=|x^xAx|. 

Here there are no factors to be seen in the nmn' ; but we must re- 
member that in reality there have been 4 divisions of the num' by the 
fiicton 7, 15, i, and 2 ; and therefore 4 quot**, which in this case are 
eachesl ; therefore the real num'=l x 1 x 1 x 1, or 1 ; so the quot** in 
the den' are 2, 1, 1, 1, and their product=2; therefore the reduced 
fraction has 1 as num' and 2 as den', i. e. it is •}. 

EZS. 11. Find the value of 

1. ix|of| 5. 2|ofi4of5iof7| 

2. l|x^x2Jofif 6. ioffof^of^J 

8. 8fof54ofii 7. (3«x5ixJ)-(iofA) 

4. lOixJJofHofil 8. l_(^offof^) 
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Divisroisr. 

58. The operation of Diyisioa may he expresBed in two 

ways; 

II 

9 

have t&e same meaning, both being read H cKvived by f • 
We have now to inquire how to perform thid diTisIon. 
We know bj (31) that 5 = 9x1 = 9 timed f, or that 
is 9 times as large aa f . I^ now, I divide H ^7 ^ (when 
my object was to divide by f), I shall be £viding by a 
qiiantity 9 times too large, and therefore my quotient will 
be 9 times too small; to obtain, then, the true qnotient, I 
must multiply the first quot* by 9 ; i,e. the correct quot* is 
found by performing two operations-^first^ by dividing by 
5, and secondly, by multiplying by 9 ; and performing these 
two operations at one step, we have 

12 • 9 12 5' 

and by oomparing the two sides of this equation, we see 
that the divisor f has been inverted into f, and and the (-^) 
has been changed into (x), or the div^ changed into multi- 
plication. 

If mixed or whole numbers are found. in any escpression 
which is to be simplified, we must, of course, reduce to imp' 
fr"', and invert the divisor, as before. Thus 

9 1 _9 _8^_^ . 8 _8 
14|"'li7~i^ll7"l ^ WX^'W 
"8" M 



•ad BiYidoo* 



Bedaoe to the siQ^Iefll ftfRa ^ of ^. 



R«M t9% veduM mis0d mnnbers to imp'fir^— cliAiigeqf into (x), and 
iamttiM difkoity as was shown in ths last art ; and then, making two 
steps in ihs opsntion, 

88 77 

6 13 88 9 77 6 -. 

ti»e]q?reMion«^x^ = ~x-x^x— (L) 

9 6 

19 



55x^x^x1, (M) 



6 ^ ^U? W 

19x9 _171 
5x68"'2«&' 



In woildng sadi Exs. I should not writo down both (L) and (M), but 
perfonn the oanoeUing on the fine (L), which would then become (M) : 
bat a pupil would have been confused at first, if he had not seen both 
Unes written In full. 

EZ8. 12. I^d the value of 
1. «^» 5. ^ 7. iof,^ D. U 

8. 9-5-t 



9 =• 16J 2 8+J^ 

H 



SIMPLIFICATION OP FRACTIONS. 

60. Under this head is classed a varietj of expremona 
intended to exemplify the operations previouslj illustrated; 
and the working of the examples under it depends entirely 
upon a correct and ready use of the methods of performing 
Addition, Subtraction, &a, as already explained. There is 
no difficulty in any of them, so long as a pupil will pay close 
attention to the 8ign9; but I will point out one or two £xs. 
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"wherein he is liable to err^ though eiTtty «adh~ error must 
aiise entirely from want of proper oheervation. > 

Ex.4A:of7TV + 2Jofll/ 

In working this, a pupil must take care that he reduces 
the whole expression on each side of the ( + ) to the simplest 
form, before he begins to perform the (^ration of Add", 
which that sign ( + ) bids him perform. The same caution 
would be necessary if there had been (-) instoEtd of (+) in 
the above example. 

I will work ibis Ex. asit ought to be written ; and leave a laxge space 
on each side of the {+), lo that I may run no risk of connecting the two 
parte incorrectly. 



4Aof7A 


+ 2}ofU 


11 3^«l 


*K 


851 
11 


*f 


702 


+ 605 1807 




22 ^ 22 


.^ 8|of4 

irv — t 2_ 


.2AofH 



[i>,ai>.>22] 

ft! ftf S. 0_?_ ^P Ai 

Tl^V TT 

^._^ 26 of 3 1 . 31 of 75 • 

Now, the whole of the fr** to the right of the sign (4-) is a divisor of 
the fi** to the left of the sign ; therefore this right-hand fi** must be in 
vei-ted, and the sign {-i-) changed to ( x ) : the expression will then be 

3^ of f Sj of 7 j- . 
2iof3i^2tVofH' 

and this, by changing of into x , and the mixed nmnbers into impF fi^, 
becomes 

7^6 28^54 

l—lxZlZ 

17 10 24 li' 
6 3 11 ^ 12 

and lastly,— inverting the fi*»in the lower line, becausethey are divisors, 
and connecting all the 6°* with mult" signs, I have 



rBAxmosa. St 

7 8 

X 5 «i 3 %^ ^ \\ l^^ ' 



4 5{ 

. 4x17 ~ 68 ^^' 



V 



In working such Exs. I should omit line (N) for the reason given 
in (59). 

I subjoin an Ex., wherein the whole quantity enclosed in () paren- 
theses, or brackets, as they are called, must be reduced to as simple a 
form as possible, before the ( x ) or (-7-) joining the expressions in brackets 
can be made use of. 

Thus ; if I have to simplify (J— A) x (2{+ 3J), I shall first reduce 
{ — ^ to the simplest form ; then 2f + 3^ must be reduced in like manner, 
and these two results must then be multiplied together, because the sign 
( X ) is placed between the brackets. The whole work will stand thus ; 
7 3 35-12 23 T /. 

^osa.« 11^28 99 + 112 211 „ 
•nd2{+H«-5- + -jr=~8e— = -^ II. 



Therefore, multiplying L and II., I have 

2U 
86 

4853 



a-f.)-(^*'0-r.«l 



1440 

Exs. 13. Reduce to the simplest forms 
I. AofSi-f; Aof(8i-f); A-CSfoff) 
n. |off--tofl7J; A+(fof7^)^A; (A+iof7J)-^A 



III. 



{~| ' 6i^fli • i 



TS T 



^' 4+7t4t7; (5|+3i)x(6f ofA). 



* A papil will not necessarily perform the cancelling in exactly the same order a« 
above; but the result will be the same. 
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EEDTJCnON OF VBACtlOStS. 
Def. Any quantity inT<dying money, weighty Sso,,- 

4 shillings, 5 penoe, }<»., is called a ctmerete quantity; and 
* any number not involying any such dflnfiminationfi^ aa 6^ 

8, f , is called an abt^aei number. 

61. It is here intended to express in positive terms such 
quantities as f«., H ^^ 1^'* ^^- ^ j t. «. to exprees ooncrete 
quantities, being frac* parts of any given den*", in terms of 
lower den"*. 

Thus, |«. must be expressed in terms of penoe^ aad irmf 
parts of a penny; H of lOs, 6d, in terms of shillings, penoe^ 
and frac* parts of Id, 

So, also^ A of a ton would be expressed in cwta., qrs., 
lbs., 02., drs., and frac' parts of a dram. 

It may happen that the proposed fr* can be expressed in 
an exact number of units of some one of the lower den"*; 
then, of course, there will be no firac^ part of the last named 
den". 

62. I will now show how to perform the operation 
intended in the last article. 

It has been seen (21) that f«. means either one-eighth of 

5 shillings, or yZve-eighths of one shilling. We may, there- 
fore, use either of these two methods : — divide the 58. by 8, 
as in Comp"^ Short Division, and the process will be thus — 

g; 5 
7id. 



or, treating the fr" as f of !&, we may change qf into ( x ), 
reduce the I9. to pence, and proceed thus— • 

8 

^ofU=--d.:.-^ci.= -d.=71d 

s 
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This latter method seems more suitable to an Ex. which 
professes to belong to £r^^ and is the one which I recom- 
mendy nnless the den' of the proposed fr^ be very large, so 
as to make the division to be performed rather difficult : in 
that case, to work by Comp"^ Long Div" is preferable, as being 
more likely to be correct I will take such an Ex. and work 
it through by both methods. 

17 
BjqpresB in positlTe terms ^ of a t<»« 

Working firaotionaDy, we have 

10 

i|of 1 ton= I!|l5cwt8.=i: ^3 cwts.=18TV cwl9. 

18 

I now take the frac* part of the cwts.» vi& i^ of 1 cwt, 
and express it in the next lower den°, viz. quarters, and so 
proceed, till either there be no frac' part left, or till I come 
to the last den" in Ayoirdupois weight. 

I 1x4 4 

r^ of 1 owl. sfe -77- qnr. ^ r? qrs. (i. e. qrt. ia the final qtioUent.) 

4 - , 4x28 „ 112,, Q^., 

jj of 1 qr, SB ——lbs. = — lbs.=aiVbfl. 

j^ of 1 lb. = "13"°=^ = Ta ^' =91io«. 

II ^, 11x16, 176, ,^-, 
— of 1 02. = - ^3 dr8.= ~dr8.=13A<lw. 

therefore, ijoflton=18 8 9 1^ 

Secondly, take ^ of 17 tons ; i. e, divide 17 tons by 26. 



26 



trat. 

17 
20 

26; 340 (,13 cwt. 
26 

80 
78 

2 
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2 

4 



26y 


8 
28 


(Oqn. 


26^ 


224 
208 

16 
16 


(,81b^ 


20; 


256 
234 

22 
16 


(,9oz. 



20; 352 (,18^ dn. 
26 

' 92 
78 

26 13 
therefore, at before, i? tons =7? "o "s 9 13^. 

G3. When Exs. under this Case involye money» it is well 
to carry the reduction no farther than pence and tnixf parts 
of a penny: for, since farthings are themselves written as 
frac* parts of a penny, therefore if we cany the ledactioii to 
frac* parts of a farthing, the answer will appear somewhat 
complicated. I will work an Ex. which will illustrate this. 

.... X 151 

EipresB m positive terms .ttt** 

151 161 xXH^, 161, ^,,, ,-, 
240 '• = "W^ = 20"^- = ^^- <^> 

20 

20 ^^' ~ 6 J—^J- 

6 

151 
therefore ^». = 7^. i/. (P) 

If I compare 7^d, in (0) and 7^^ if. in (P), I see that 
the former fr" involves less labour, and conveys to a person 
acquainted with fr^ the idea of the real value of the 
expression, at least as well as the other. 
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64. When a unit of any den*^ can be divided exactly by 
any number^ as 4, 5, 6, <fec., such fourths, fifths, oxthS} &c,, 
are called aliquat parts of that unit* 

Thus, since £1 or 20^. when divided by 3, 4, 5, 6, 8, 10, 
12, gives quotients involving an exact number of shillings 
and pence; therefore thirds, fourths, fifths, &o., of £1 are 
called aliquot parts of £1* 



For example 






• 


i£=4#. 
o 






|£=16#. 




i£=2«. ed. 




^£=12t.6d. 


I £=179. 6d. 
o 






|£=13«. 4(f. 




So also, ^. = 


1 


g».=7i(^. 


|..=10J& 



And sinoe lib. avoirdupois, or 16 oz., can be divided exactly by 2* 4, 
8 ; therefore halves, fourths, and eighths of lib. can be at once expressed 
inoz, 

8 7 

Thus, -lb. = 6oZi ?lb. = 14oz. 

o o 

and if the value of one or more of these aliquot parts of the denominations 
in common use be remembered, the operations performed in this Case will 
often be much shortened. 

27 27x^ _ 27 ^g. _3^ ,, , 

8 

EXS. 14. Express in positive terms 
I.' foflO*.; iof27«.; f of A of 19«. 6rf. 
n. T^oflton; Aofacub.ft.; ^ of a quarter of com. 

m. II of i of a hhd. of wine; ^oflweek; ^ofSeSJdays. 
'If 

IV. 4of {^ofaFr. ell; ^ of A ^^ 71 of » square mile. 
V. -^ofasq. yd.; 2 J of f of a lb. (Apoth.) 
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RATIO AND PROPORTION. 

65. The next operation in PraetionB will ooduist of ib 
expression of one quantity in tenns ol{ or as a teo' ptrto^ 
another of like nature. But before proceeding to attempt 
tiiis operation, it will be advisable to discuss one of tin 
most important rel&tions in numbers, without whieh a papil 
cannot understand the principle upon which such Bza. irili 
be worked. This relation is termed Ratio. 

And as this consideration of Ratio leads to the doctrine 
of Pbopobtion, I have thought it well to continue the 
subject ifi one unbroken thread, and then refer to Hdi 
explanation, when I come to the treatment of questioiis 
inyolving Proportion and its applications. 

66. When two quantities are placed belbre us— «fl^ &r 
instance, the lines A, B— -and we wish to compare their 

magnitude, we perceive that there is a oertain 
relation between them, which we familiarly call 
the comparative size of them; and this comparison 
or relation is measured by seeing how often the 
one quantity contains the other. 

Now, to see how often one quan^ contains the other — as^ 
for example, how often 36 contains 5 — we divide the former 
by the latter, t. e, the 36 by the 5, and the quotient is ^; 
therefore, to see how often the line A contains the line B^ I 
divide A by B : i, e. the relation of A to B is expressed by 

thefr»g. 

This relation is called the ratio of A to B, and is thus 
expressed, A : B. 

If A > B, the fi^ expressing the ratio of A to B, i e: ^ , 

will be an improper fr*^ greater than 1 ; 



B 
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If AsBy the 6* will become y, or unity; 
tf A<'B, the fi:" will become ^ ^ a proper fr*. 

Also, when the ^^ g is greater than I, the ratio of A to 

B 18 called a ratio of greater inequality, because A > B. 

A A 
When the ^ g "*" T "^ ^ * ^ ^^ ^ called a ratio of 

equality; and when the fr' «^ is a proper ti^, the ratio is 
called a tblUo of ?eM inequality, because A < B* 

67. If the num' and den' of a fif expressing ratio both 
consist of the same kind of concrete quantities, the ratio 
between these quantities will be an aibitraet number. 

Bk. If the lines A and B represent 4 inches and 3 inches 

respectively, then A : B s g =3"^ = 5 i ®^^ ^> 

instead of inches, these lines had represented 4 

B ' f<9€t and 3 feet, or 41b. and 31b., the ratio of A to 

B would still be f , and of B to A would be }. 

But if the num' and den' be of the same species 

- of concrete quantity, but not expressed in the 

same denomination, the ratio cannot be represented by an 

abstract quantity, until they both be reduced to the same 

4 feet 4 4 

denomination. Thus, ^ . ■ . does not » g feet^ or g in.| (»r 

4 , ^ ^ 48 in. 48 16 , . ^ , 

^, butit«-^-T — ao-y a — , an abstract number. 

If quantities be not of the same nature, there can be no 

4 feet 
ratio between them : thus -= — : — r- is no ratio at all, since 

' 5 minutes 
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we cannot compare the magnitude of 4 feet and of 5 
minutes. 

This article must be especially noticed, as upon it iriE 
depend the mode of working the Ezs, which have bea 
alluded to in (65). 

68. We now see that any firaotion, as f, has still ; 
further meanings beside what was stated in (21), viz. d 
ratio o/* 2 to 5y or^ as it is written, 2:5; and f may be caUfi 
a ratio. 

If, then, two other quantities be taken, as 4 and 10, an 
it is found that ^ = f , then we see that the ratio of 4 to 1 
is equal to the ratio of 2 to 5, and this &ct we ezprei 
either thus, 

4 : 10:=2 :5, or 4 : 10 :: 2 : 5; 

the latter expression is thus read; 4istol0a82isto5. 

When, therefore, two ratios, as f^ and f, are place 
before us, and we learn that they are equal, we say that th 
quantities, 4, 10, 2, 5, are FroportioruUs, 

69. We may now define Proportion to consist in th 
equality of two ratios. Of the above-mentioned numbei 
4, 10, 2, 5; 4 and 5 are called the extrejnes; 10 and 2 ai 
called the Ttieam, because they are intermediate between tb 
extremes. 

Also, when 4 quantities are given, and we wish i 
ascertain whether they are proportionals or not^ we miu 
see if the &^ expressing the ratio of the 1st and 2nd = th 
fs^ expressing the ratio of the 3rd and 4th. Thus^ if I tak 
the numbers 5, 6, 7, 8, and wish to try whether they ai 
proportionals, I compare f , the ratio of the first pair, and j 
the ratio of the second pair; and if these is^ are prove 
unequal, the above 4 quantities are not proportionals. 
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Now, it was shown in (50\ that to compare two frac* 
quantities we must bring them to some Coul Den'. Bedudng 
"Hie fi** f and } to a c. d. 48, we have to compare 

5x8 J 6x7 ,^. 
■iT ^^^ -IT <* 

And since 7^ is not = -ts-, therefore >, is not = rr, and 
0, 6, 7, 8, are not proportionals. 

70. It will be seen in line (Q) that the test as to whether 
or not the foor proposed quantities be proportionals, consists 
in multiplying, 1st, the two extremes 5, 8, and 2ndl7, the 
two means 6, 7 : and if these products be equal, the four 
quantities are proportionals; if they be not equal, the four 
quantities are not proportionals. 

This operation may generally be performed mentally: 
thus, if I take 5, 8, 9, 16, I say 5 x 16 = 80, and 8 x 9 = 72; 
therefore these quantities are not proportionals. Again, if 
I take 4, 9, 5, llj, since the product of the extremes, 4 x 11^ 
= 4 X ^ = 45, and the product of the means, 9 x 5 = 45 ; 
therefore these last four quantities are proportionals. (See 
Appendix, Art Katio.) 

71. Having now explained how to tell when four 
quantities are proportionals, we proceed to show how^ when 
three nuinbers are given, we may find a fourth number, such 
that the other three and this fourth shall be proportionals; 
that is, to solve the following question: 

If three numbers be given, as 5, 6, 10, what must be 
taken as a fourth number, such that the four, when taken in 
order, shall be proportionals? 

Now, as I do not know (or, at least, the learner does 
not know), the required number, let the letter N stand for 



46 mAOtxoHB. 

or repreBent thia number; and I bave now to tey and finl 
what this N most be. 

Since, then, 5, 6, 10, and N are required to be prop(» 
tionals, therefore we most have the ratio between the fizst 
pair 5, 6, = that between the second pair 10, N; i. & 

6-N' ^^^ 
MoltiplyiDg both sides by N, according to (28), we have 

N^ X 5 10 

— w^ = --- = 10; nezt» multiplying both sides by 6, jKT x 5 

= 10 X 6; lastly, dividing by 5, according to (29% we obtab 

N»5i!!2 (S) 

av ^ #v 

Put 12 for N in (E), and we have -s-Tm which we know 

to be true, and therefore 5, 6, 10, 12, are proportionak*. 

72. The result of this article must be most earefollj 
noticed; for in observing (S) we learn that the required 4t>h 
number N was thus formed from the three former ones, 0, 6, 
10 : viz. that it is the value of this fr* — ^the product of the 

2nd and 3rd terms, divided by the first; or it = -r-r x 3rd. 

73. By observing the successive stepa whereby N was 
obtained, we learn that when two fractions are equal^aftctor 
of one den', or the entire den', may be transforred into the 
opposite num', and conversely, the num', or any iaetor of it^ 
may be transferred into the opposite denT, without diatuibing 
the equality. Hence also, when two fractions are equal. 



* Or, ilnoe the product of the extremes N, 5 a that of the neani 6^ 10; I hste 
Nx6 = 6XlO; .•.N«^4^,Mbefoxet 
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the^ -will be equal 'viien inverted. A qfdok nee of iheee 
properties is very sanrioeable in the solution of Algefaraio 
"BrpieitifinBi 

XZB. 15. Ilnd a fourth proportioDal to eadi of the following lets 
cf munbin :-<- 

X. 8.7,15; 5,2,11; 9,8,f; 
n. 84,7*,*; 4,ii; *,8iA; 
m. 19, 18, 17 ; 17, 18, 19. 

74. We have sliown that^ in order that there may exist 
a ratio between two quantities, they must be of the same 
kind; sinoe^ then, there is to be a proportion among the 
three given quantities and the fourth, therefore between 
the Ist and 2nd there must be a ratio, and an equal ratio 
between the 3rd and 4th. Hence we see that the second 
pair must be of the same kind; that is, the 4th quantily, 
when found, ought to be of the same kind as the 3rd. Now, 

if we observe the fx!^ -r-r x 3rd in the last article^ we notice, 

that since it is allowed that the 2nd and 1st are alike in 

kind, therefore the -=-r will be an abstract number (67); 

and tiierefore the 4th, which ^ -r-r x 3rd, k 3rd multiplied 

by some abstract number; e. 6. it will be the 3rd term 
repeated as many times as there are units in this number, 
and therefSore will be of the same kind as that in which the 
third term was expressed. 

Also^ if the 2nd term be greater than the 1st, -j-r will be 

a fr* > 1, and this multiplier of the 3rd term will be greater 
than 1, and the 4th term greater than the 3rd; but if the 

2nd term be less than the 1st, then y-r will be a proper fr". 
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and the multiplier less than 1, and the 4th tetm leas iham 
the 3rd. (See Appendix, Art Proportion.) 

75. We may here notice a form of expressioa thai we. 
familiarly use, when we say, that two quantities are pro- 
portional to one another; as^ for instance, that the amoont 
of a servant's wages is proportional to the lebgth of his 
service. Here, apparently, two quantities of diffisrent kinds 
are compared, viz. money and time; but^ in reality, four 
quantities are implied, viz. two periods of time, aixd two 
amounts of wages. For since one year and one yeaz^s wages 
may be taken as fixed standards, by which we may measure 
other periods and other amounts; therefore I mentally 
compare any proposed length of service and the conesponding 
amount of wages with these fixed standards; and the original 
expression means this — ^that there is the same ratio between 
any given length of service and one year, that there is 
between the amount of wages for. that service and one yearns 
wages; or, that these two periods of service and two amounts 
of wages together form a proportion in this order. 

Given time : 1 year :: wages for that time : wag^ for 
1 year. 

If we wish to ascertain whether two quantities are what 
is here called proportional to one another, according to the 
common usage of the words, we may try if doubling the one 
quantity causes the other to be doubled; as for example, in 
this instance— will the wages be doubled, if the time of 
service be doubled? Since this is the case, therefore the 
wages and time are proportional in the sense explained 
above. 

The correct^ though not common mode of expressing 
this propoi-tion, is to say, that the amount of wages va/riei as 
the length of the time of service. 
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76. But sometimes tliis proportion occurs in a different 
§(jfrm; as, when a man has a certain number of miles to 
"Walk in any time; -ihen, if he quickens his rate of going, he 
can complete his task in less time. In this case it would 
be incorrect to say that the length of time was in proportion 
to the rate of walking; for, according to the test given 
aiboye, I ask — ^if the rate be doubled^ will the number of 
days hedotihled? the answer is, no: on the contrary, it 
-will be hcdved. There is here, then^ evidently a proportion 
(taking the same word in the common usage,) but of a 
different kind, viz. that as one niunber is increased by 
multiplicationi the other is correspondingly diminished by 
division* 

As, in the first instance, it was said that the wages 
varied aa the time, so, in this second example, the relation 
between the two quantities is correctly expressed by saying, 
tbat the number of days vcmea inversely as the rate of 
walking; or, as it is commonly said^— in the first Ex., the 
wages were directly proportional to the time; and in the 
second Ex., the number of days is inversely proportional to 
the rate. 

Proportion has here been shown to involve 4 quantities; 
these need not^ however, be all different.. Thus, if I find 
3 quantities, whereof the ratio between the 1st and 2nd s 
that between the 2nd and 3rd, then the three quantities 
are said to be proportional : thus, 3, 6, 12 are proportionals^ 

q ft 

because g=^, or 3 : 6 = 6 : 12 (T) 

Also, to find this 3rd proper* 12, when the two former 
ones are given, we must compare line (T) with an ordinary 
proportion containing 4 quan', and we shall see that 12, the 
required 3rd9 is in the 4th place, and the 2nd quan^, 6, is 

C. A. ^ 
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rq)eated in the 3rd place: hence, the usual equation 4th - 

T-rx 3rd, will become 3rd = -=-r x 2nd: and if 3 and 6be 
Ist ' 1st 

the 1st and 2nd terms, we have 3rd = ^ x 6 = 12. 

Ezs. 16. 

Find a third proportional to each of the following pairs of numbers :— 
IV. 8, 12 ; 12, 18 J 16, 16 ; 20, 15 ; 
V. hi; 2i,f; 4of{, |of8. 



REDUCTION OP FRACTIONS. 

77. We are now able to perform the operation alluded 
to in (65) viz. to express one quantity in terms of another, 
or as a frac* part of another. This &^ connecting the two 
quantities will show the ratio between them, and maj be 
either proper or improper. 

For example, to express 9cL in terms of £1, is to see 
what ratio 9d, bears to XI. Hence, according to what has 
been explained concerning ratio, we say, 
9d. in terms of XI = 9d, : XI. 

_M 9d. 9 J^, 
""XI - 2405. "240^80' 
and transferring the XI from the den' of the left-hand fi* to 
the num' of the right-hand fr*" by (73), I have 9dL = JJy x XI, 
or 1^ of XI. This result may also be obtained as follows : — 

1 have to express pence in terms of £1, 

Now, 240 pences£l ; therefore, taking ^r^rth part of both sides — 

lpenny= — of£l; 
and multiplying by 9, 

9vence=-^ol£l; 

= fo^^i' 
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and transferring the £1 from the right-hand numerator to the left-hand 
denominator, we have^ as before, 

9 pence _ 8 

"^£1 80 
It will be observed, that by this second method we have an indepen- 
dent proof, that the ratio between two concrete numbers of like kind, as 
pence, pounds, &c., is an abstract number. 

78. Either of the two methods just shown may be em- 
ployed ; but I prefer the former, because it more decidedly 
keeps the idea of ratio before the mind; and an Ex. so 
worked can be written out in a more condensed form than 
by the latter method It will be noticed that the two 
concrete quantities are both to be reduced to some com*" 
den*', in order that the ratio between them may be expressed: 
thus, in the last Ex., both were reduced to pence. 
Ex. n. Express 7«. 7id, in terms of 10«. 6d. 

Here I exhibit both numerator and denominator in terms of pence ; 

and write 

183 61 

7a. 7K ^91^.^^^ H^)^ ^61 

42 
ly. ei^% 61 

'"I0j5."i^ 21 84 
4 
I might have reduced both numerator and denominator to half-pence, 
but a pupil would not easily reduce 7<. 7ld. to half-pence mentally; 
whereas, by both the above methods, the whole work is fully shown. 

9d 3 
Beferring to Ex. I., we read— ^ = ^ ; and since, by (78), two equal 

fractions may be inverted, without disturbing the equaliiy; therefore 

£1 80 

TTT ^ 7 9 ^''y changing the 9d. to the right-hand numerator, 

£l=^x9(l.;or=^of9(l. 
o o 

Hence we see that in every Ex. where we have to express one quantity 
in terms of a second, we can express this second in terms of the first, by 
merely inverting the ratio which connected the first and second. Thus, 
in Ex. n.. 
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ance 7#. 7\d.= gj of lOt. 6d. ; 

84 

therefore 10#. 6(1.= ^r of 7#. 7^ 

01 

79. Sometimes fractions may be inydyed in both nmn' 
and den', as in 

Ex. m. Express 1| of 2a. Ir. in temiB of S acres 2} roods. 

Here, bringing both quantities into roods, and bhanging (/ Into x, 

we have 

1^ of 2a. Ir. _ t X 9r. _^ ^ x 9 
Sa. 2Jr. " IHr. ""^f 

2 

S 

This should be left as an improper fraction, because I can then read 
off this desired result — that 

1} of 2a. Ir. : 8a. 2}r.=:63 : 58 ; 

or that the ratio of these two portions of land is that of 63 to 58. 

As in (64) it was shown to be advisable to be able to 
express aliquot parts of any den** in terms of lower den" so, 
with a little experience, a pupil will, by a reverse process, 
mentally work easy Exs. in this Case, so as at once to see, 
that 58. in terms of XI = }^; that 6^. 8d. : £1 = )> and so on : 
and a readiness in performing such simple reductions will 
often materially shorten the labour of more complicated Eics. 
Thus, to express f of 13^. 4td. in terms of 10^. : — 

By observing that 13«. id,=:i£, and 108,== ^£, I have 

£on3£jd |_of|£__7^5^5_7. 
10». i£ ""^3 1 "6' 

or, i of 13«. 4(1. = J of 10». 

By the ordinary method I should have reduced both 13«. id. and lOt. 
to pence or fourpences, and the resulting fraction would have required 
much heavier reduction than mine has needed. 
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80. When either the num' or den' of the left-hand fr" 
requires much reduction to a lower den", it is better to 
express by signs the multiplication requisite to perform this 
reduction, rather than to perform the mult% and put down 
the result; because, when either num' or den' is thus ex- 
pressed in factors, it is in the best form for detecting the 
probabilily of any cancelling taking place, so as to present 
the resulting &" in its lowest terms. 

For example, in reducing 5dr8. Isc. 15grs. to the fraction of lib., I 
must bring the lib. to grains, and I write 

gdr. lee. 15gr8. _ 16bc. 15gr8. _ 335gr8. _-^ 

lib. ~ 1 X 12 X 8 X 38C. " 12 X 8 X 3 X 20gr8. ^ ' 

6T 

67 67 



12x8x3x5^(^ 96x12 1162' 

4 

But in this Ex. we may also notice that the last denomination ISgn, 
may be very readily expressed as a fraction of the preceding denomination, 
F1& Boruples, for 15gr8.=:^8C.=f sc. ; therefore, instead of the two 
latter fractions in line (U), I should write 

67 
16|sc. 4 _ 67 _ ej 

* 12x8x380. 12x8x3 4x.l2x8xa~ 12x96 

67 
1162* 

Of these fiye fractions the last four are merely reductions to a simpler 
form ; and the number ot steps which a pupil may have to write down 
in working Ezs. similar to the one above will depend, partly on the mag- 
nitude of the numbers involved, and partly on his own quickness in 
working mentally. 

I will give one more Ex. in which the work is condensed, 
but still the successive operations are intelligible. 

Express — of 4}d. in terms of 98, 7id, 

^ 9*. 71d. ~ 1164^. 12 ^ pi;~6u4' 

11 17 

or, j2 of i{d, = Jjjj of 98. 7 Jd. 
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Em. 17. 

1. Express la. Sd., and 17«. 6d, in terms of £1. 

2. „ 178, 7id,,... „ 258, did „ 1 guinea. 

8. „ 128. 7f<f.,... 9, 28. Hid „ 159. 6d. 

^' $9 Yt ^ '^ ^^^'^^^f »f 3f groats ,, IS^gaineas. 

5. „ i£, „ T^o{78, „ l&rthing. 

6. „ Sqrs. l^nls.^ ,, ^in ,, 1 Flem. eU. 

7. „ Soz. 5dr8. l^sc „ lib. 

8. „ fofl^guineas „ £5, 

9. „ i of IJ of an acre „ Isq. yd. 

10. „ i^ of 1| of 3 miles «.... „ Smiles. 

11. „ Ihour „ StofZeSidys. 

12. „ 2Aofi of 15 solid inches „ 3|cuhicjd. 



SIMPLIFICATION OF FRACTIONS; INCLUDINa EXAMPLES 2H THE 
COMPOUND BULES^ WHICH XNYOLYE FBACnON& 

81. Under this head are arranged— Isb. Exs. involTing 
the expression of &ac^ quan' in positive terms, and requiring 
both Addition and Subtraction, as— 

L Xf + f of 2U-Jof27tf. 

2ndly. Exs. in Compound Addition, Subtraction, Multi- 
plication, and Division, in which fractional quantities are 
involved. I give one of each. 

IL £3 65. Sid, + £2 11a S^d, + £4 13«. 9%cl 

iiL £7 165. Sid, --£3 lU. lOid, 

IV. £8 Us. 2^d. X 46f. 
V. £38 3a. 4H.-rl3J. 

82. In Ex. I. we may use either of the following methods, 
viz. reduce all the quantities to the same denomination, and 
then £nd the value of their sum as in (62) ; or, express in 
positive terms each fraction separately, and then find the 
ralae of the whole by Compound Addition and Subtraction. 
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'By the firsfc method^ leduciiig the quantities to the 
KuGtion of £1, 1 have 



|£+|of21#.-?of27#. 
fS . 68 189' 



/g 68 _ 189\ 
AS 80 W* 

100-H26~189 
160 

226-189 87^ 
160 160 



(dnoeL.o.D. = 160) 



. 87 « 87x20 87 ,« , ^,, 

By the second method — 

|£ (64)=12». 6(1. 
alao, 70f 21#.= ^#. = 151*.=16«. 9d. 

and Jof 27«.= ^«. = 2a|«. = £l 3«. 7icf. 
o o 

iherefope|£+ ^of 2U— ^of 27«. = 12*. ed. + 15s, 9c2.— £1 8«. 75^. 

= £1 8«. 3d.-£l 3». 7i<«. 
= 4«. 7i<i. 

83. Ex. n. £3 65. Sid. + £2 11a 8K + £4 13^. 9|d 

Gommencmg with the addition of the fractional parts, I have 

Sj 7 , . 2 , 20+21 + 16 , £ ». A 

jd.+ g<i.+ 3(i.= ^ d. 8 6 8^ 

2 11 8J 

= 5?rf.==l£rf.=24c«. 4 13 9| 

24 8 * 10 12 3| 

id carrying the 2d, to the row of pence, I complete the sum as in Com- 
}iuid Addition. 

84. Ex. m. £7 16a SJd -^ Us. lOid. 
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Oommencing with the subtraction of the fractional paxtfl^ 

I obsenre that | < |; therefore, borrowing Id, fiom the M, 

in the former quantity, I have 

£ t. d, 

1.^ fj 0^ 7\, 44-21 , 28, 7 16 8| 

1 Jd.-fi. ^\j-l)^'= -24- * = 2i* 8 11 10| 

4 4 Ht 

and complete the sum bj Comp^ Smbtraotion. 

Ex. IV. £8 14*. 2A«^ X 46f. 

Now, since to multiply by 46f is to repeat the multi- 
plicand 46 times and f times, therefore, if I multiply the 
given comp*' quan^ by 46, and then take f of the same, the 
sum of the two products will be the product required, viz: 
46f times £8 14«. 2{^d. Proceeding as in Comp' Mult*, 
and working in the margin those parts of the mult* which 
involve fractions, I have 



£ 8. 

8 14 


d. 

9x5+1 = 46 


78 


7 IH 
5 




391 19 
8 14 
7 14 


2A 
10^ 


= 45 tiineg 
= 1 „ 

— R 
-- Tf ff 


408 


8 


Wt 


= 46| „ 



£ 
8 


14 


d. 

2A 
8 


9^69 


13 


8| 


7 


14 


1(»^ 



The -^d. is thus obtained : after 
dividing the pence by 9, there re- 
main 2d, ; therefore I have to 
divide 2|(2. by 9 : the quotient 

8 
2id. S, 8 , 
= "9" = 9^'=i7'^- 

Sum of the fraction8=(i+j^ + !)(«.= ?l±^±I^d. 

_122 61 - 

'~108'''""Si**- 

Again 46f = ^; therefore I may multiply the given sum 



by i^; i. e. mtdtiplj by ^22, and divide by 9. But as this 
seoond method inTolyes more labour, and would therefore 
be not 80 generally used, it is not worth while to work the 
Ex. ont, especially as the process of Compound Multiplica- 
tion, where fractions are involved, is sufficiently shown in 
the former method 

85. Ex. V. £38 Za. 4frf. ^ 13J. 

There is but one mode of working this Ex., viz. to reduce 
the divisor to an imp' f]^ — ^invert it, and proceed as in 
multiplication. 

Now, 13{-=^; and this, when inverted, becomes xfr- 
Therefore the Ex. becomes £38 3*. i^d. x xfy; i, e, I have to 
multiply the given sum by 9, and divide by 124. The work 
will be as follows : — 

88 8 4f 



124 J 343 10 5| U2 
248 

96 

20 

'124 J 1910 (15». 
124 



670 
620 

60 
12 



124J 606 (,4cf. 
496 

109 

There now remain 109rf. and fc?., which have not yet 
been divided by 124; the quotient = 

647 
109|<e. 6 -. 647 , 647, 
124 124 6x124 620 

and the whole quotient is £2 15^. AiUd. 
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EZS. 18. Find the vftlue of 

1. i guinea + ^ of 1S«. 4<2.— f of 27#. 

2. t ton +{ lb. + ^ cwt. (in lbs. and oi.) 

3. f mile— f furlong + ^ pole. 

4. IJ acr. + ^ rood— f sq. yd. 

5. £7 16«. 8i<j. +£188 4«. 10^2. +£78 6s. ^d. 

6. 27yds. 1ft. 8iin.+5yds. Oft. 9|in.— 2ftw Ofin. 

7. i tons 3 cwts. 2f qrs. + 15 cwt. 57^ Ibe.— 8 qn. 18 lbs. 5} oi. 

8. £^68 12«. 4tld. ^£764 19#. 8H 

9. £114 8«. Of (2. X 8|. 

10. £15 9«. 8lii2. X 23f . 

11. 17 yrs. 8 mo. 2 wks. 3 dys. x 875^. 

12. £185 0«. 11A<'.-M2ii. 

13. 1684 lbs. 10 oz. 17 dwt. llj gr8.-i-47}. 

14. £18 15*. 9tlr<^. X 17|. 

15. (£3 8*. 7ld. +£2 17». 6Jdl.)~15J. 



MISCELLANEOUS EXAMPLES. 

86. These^ of course, consist of questioiis involving one 
or more of the various processes which we have considered; 
and all that can be done towards guiding the pnpil in 
working such Exs. is, merely to assist "^^m in judging what 
operations are required in solving any proposed question. 

What was said in (60) applies more particularly here, 
viz. that it is necessary most carefully to note the signs, or 
rather the words which express signs. As an instance of 
this caution, I will consider the subjoined Ex. ; and in order 
to work it, I shall endeavour to see what operations are 
intended by the words employed in the question. 

Ex. I. Multiply the sum of f , f of f , and 4, by 7H» 

Now the sum o/* means addition, or (+), and ^ means ( x ) ; 
therefore, this Ex. expressed in signs is {f + (f x f ) + 4} x 7}J. 
This is now a mere Ex. of simplification as in (60); and the 
remaining work may be completed by a pupil. 
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87. Ex. n. How many persons may receive each Sfs. 
out of £13|? 

This is only a Beduction sum, involving fractions; and, 
in plainer language, means — ^hoTv often are df^. contained 
in £13t? or, if I divide £13 J by 3J«., what is the quotient? 

£13* 



The quotient required is 



Hs. 



69 20*. 
131x20^. 5^1 fj^ 

8 4 

By (67) we know that the second fraction in line (W) 
will be an abstract number; and the result^ 72, shows that 
3^8. are contained 72 times in £13f. 

88. Ex. m. Compare £f , f of a guinea, and f of 1 la. lOid. 

We cannot compare quantities without bringing them to 
some common name; t. e. in order to compare fractional 
quantities^ we must reduce them to their l. a D. 

These quantities may therefore either be expressed in 
positive terms, as pounds, shillings, pence, d^c, and then 
compared; and this is the best method when we wish to 
know the differejice in value between the quantities; or they 
may be all expressed as fractions of one common quantity 
— say, of £1, or of 1 guinea^ and then reduced to l. c. d. 
I use the latter method, because then I see more clearly the 
ratio between the quantities. 

Beducing to &"■ of £1, 1 have 

3 . 3 21^ 63 „ 

-gumea=gx -£=_£. 
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Hence the 8 ^ven qiiaa% when ezpresied in the same den*, are 

j£, j^£, andj^£. 

^ ^ * , « ,. *320 8969 8988 

or, reduced to L.0.D.j5^, TooSo' iOOSQ- 

or in the ratio of 4320 : 8969 : 8988. 

89. I will work in full the following Ex., because upon 
the method of working it depends the solution of many 
questions in Arithmetic and Algebra. 

Exrv. If} + } + ^ofa number amount to 36, what is 
the number? 

w 1.1.1 _ 4+8+l _ 8_2 

And, by the question, this sum == 86 ; 
i. e, § of the number = 86 ; 
therefore, dividing both sides by 2, 

i of the number = 18 : 
and, multiplying by 8, 

f of the number, t. e. the whole number = 8 x 18 s 54. 

90. The following is an Ex. which is to be worked upon 
a principle similar. to the last. 

Ex. V. If A can do a piece of work in 3 hours, B in 5 
hours, and C in 7 hours, in what time can they do it^ all 
working together) 

Now, A can do the work in 8 hours ; 

therefore A can do } of the work in 1 hour ; 

BO,B „ i „ 1 hour ; 

and „ ^ „ Ihour; 

therefore the three. A, B, C, working together, can perform 

1^1 ^1 85 + 21+15 71 . - , 

8 + 6+7' ^" 105 ' orj^mlhom-; 

71 
therefore, if they do-— in 1 hour, 

they will do r^r^ in — hour. 
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that if, in Iff hoon. 

By obeerving the fir* ^, exprossing the amount done in 
1 hour, and ^, the number of hours required for the whole 
work, we find that they are the reverse of one another; 
and this we might have expected, for the quantity of work 
ckme in any given time bears an inverse ratio to the amount 
of time in which it is done (76). 

Here I have been finding the time of doing the whole 
work. I give one more Ex., in which it is required to find 
how much of a given piece of work can be done in any fixed 
time. 

Ex. VL A cistern is filled by two spouts in 20 and 24 
minutes respectively, and emptied by a tap in 30 minutes; 
what portion of it will be filled in 15 minutes, when they 
are all left open together, the influx and efflux being 
uniform 1 

Since the Ist tap would fill the whole in 20 min. 
theretbre it would fill i^th in 1 min« 
80 ako, the 2nd „ -ft^ ^ 1 noin. 

therefore ^+^ are ponred in by both together in 1 minnte ; but ^ is 
dischaiged in 1 minute by the third tap; therefore, subtracting the 
quantity discharged from that poured in^ we have remaining in the cis- 
tern at the end of 1 minute^ i^+^~Tir » 

6+6-4 11-4 



and this = 



120 120 



7 
— in 1 minute; 



7 7 
therefore at the end of 15 minutes there remains !l^ ![ x ^ or - ; hence 

i 

in 15 minutes the cistern will be seyen-eighths fulL 

Exs. 19. A. 

1. Explain the terms product, dwidend, quotient. 
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2. \^th 263 for qaotient^ 368,469 for diyidfind, and 6 for remainderi 
what is the divisor 1 

3. Find the difference between one miDion and ten, and ten thonmrol 
and nine. 

4. Write an equation involving the signs of addition, sabtnclion, 
multiplication, and divinon. 

5. If a man's yearly income be known, what mle mnst be used to 
find hiB daily income! Ex. If the income be £532 &. lOd., vdiat is tint 
per day? 

6. What is the smallest nunber that can be ezaotly divided by the 
nine digits t 

7. If light travels 192,000 miles per second, and the son's light 
roaches us in 8} minutes, how far is the sun from the earth T 

8. If 360 degrees be passed over in 865} days, how much is that per 
day? 

9. To how many persons may £4 13«. 6d, each be g^ven, out of a 
sum of £79 9«. 6d. ? 

10. What sum of money will be required to distribute to 10 poor 
men, 15 women, and 20 children, the respective sums of 2f., Is,, and 6d.? 

11. Out of an income of 500 guineas, it is desired to lay by £150 ; 
what must be saved and spent daily? 

12. Compare the product and quotient of 2} and !•}. 

13. Give the rules for multiplying and dividing fractions by whole 
numbers, and illustrate the processes by examples. 

14. From unity subtract ), add ^, subtract \, and add ^ ; find the 
ratio of the result to the fraction -J of 1|-. 

15. The sum realized by a bankrupt's estate is £7848, being ^ of 
his debts, find the amount of the debts, and the dividend paid. 

B. 

1. How many dollars, each 4«. 6d,, are contained in 20 moidores! 

2. How many times wiU a wheel, 7 ft. 4 in. in circumference, torn 
in 3^ miles ? 

3. If a railway carriage move 42 feet per second, how many miles is 
that per hour ? 

4. Find the value of 1000 oz. of silver plate, at 13«. 9(2. per oz. ; 
and shew how many times more valuable the same weight would be in 
gold, at £13 Ss, 1^. per oz. 

5. A yard of Cambridge butter weighs 1 lb., what should be the 
length of one penny-worth, at 17id, per lb. ? 

6. What sum must be divided among 18 men, and 9 women, bo that 
each man may have £1 3«. 6(2., and each woman f of that sum ? 
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7. A €Mk if required which can be filled by Miy (MM of thtfoUowiDg 
m ea mr ee, token any Damber of timee aactly, ipint, ^gaUoo, 3gi]e.» 
Spk^ and 9 gale. ; find the amalleet caak for thie purpoee. 

8. Find the value of <,>^ .-j^, of a lb. Troy. 

9. Oat of a earn of £18^* how many pereone may receive 3f. 7\d. 
eaehf 

10. Shew whether 3 : 19 ia greater or leea than 2) : 14} ; and find 
the change in the laet term, that the four may form a proportion. 

11. Of a package of cloth, i ia aold at 2f. 6(1. a yard ; \ at It. M. 
a yard, and the remaining 25ydi. at U. lOcL, gaining 2(f. per yd. ; find 
the whole gain on the package. 

12. Find the product and quotient of «v and -^ . 

13. What firaction of £2 15f. is £2 14«. 9d, ? 

14. If t of a ship be worth £73 U. 3d., what part of her ia worth 
£250101.! 

15. Find the O.C.M. of 324 and 720, expbuning the truth of the 



c. 

1. ExpresB in words (1) the sum, and (2) the difference of 4,000,309 
and 70,002. 

2. Find in Ibe. the value of 3 tons 14 cwt. 57 lbs. — 1 ton 17 cwt. 3 qrs. 
8. In coining 40,000 penny pieces, each costing {c{., how much 

profit was made ? 

4. What number of steps 2 ft. 11 In. long, will be taken in walking 
45 yards! 

5. The cylinder of a railway engine is 18 in. long ; how &r will the 
piston travel in 500 revolutions of the driving wheel I 

6. In 56 guineas, as many pounds, moidores, and half-crowns, how 
many groats ! 

7. If 25 yds. of cloth cost £7 178, 6d., shew without using any pro- 
portion stotement what is the value of 86 yds. 

8. If £1 sterling be worth 26 francs 50 cents, find the number of 
francs that can be obtained for 1000 guineas. 

9. A dock gains 77min. per day, find the gain per minute. 

10. How many days would it toke to count 800 million coins, at 
the rate of 125 per minute ! 

11. Find the L. 0. u. of 6, 8, 12, 18, 24, 27, explaining the process 
that you use. 

12. Express in the smallest integers the ratio of ^— to ^. 

li 5 
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18. Afterusingfof a cheese, {of the remftinder sold for iS12t.5)<i.; 
what was the whole cheese worth ! 

14. From the sum of { of 7s., and { of half a gninea^ take f of a 
guinea, expressing the result as the fraction of a mmdore. 

15. What number added to i, {, and f of {> will make a sum total 
of5! 

J). 

1 . Find the value of 3645 x 700705-^87. 

2. How many acres in a field 202 yds. long, and 167 yds. broad ? 

8. A bar of gold, valued at £3 17«. lO^d, per oz., is sold for 
£1429 08, lid. ; what was its weight? 

4. A sheet of letter-press contains 24 pages, of which { are laige 
type, having 32 lines to the page, and 54 letters in a line ; and the re* 
mainder is small type, with 45 lines to the page, and 64 letten in a line^ 
how many letters are there in the sheet ! 

5. Out of a yearly income of £1000, £737 17«. 6d, is spent for 35 
years, how much will have been saved in that time ! 

6. In a foot-race, where 50 yards start are given to A, the hinder- 
most B gains 5 feet in every 50 yds. ; where will the competitorB be at 
the end of a mile ? 

7. The duty on tea was formerly 28, 2id, per lb., how mach most 
pay the duty, to make 5 millions sterling f 

8. How many plots of land, each 50 square perches, can be made 
out of a square mile ? 

9. The pendulum of a church-dock vibrates 15 times in 4 minutes; 
how many vibrations in 24 hours ? 

10. Define proper, improper, and compound fractions, giving two 
examples of each. 

11. Compare H, af , and | off. 

12. A person receives £750 for ^ of his share of a mine worth 
£10000 ; what fractional part of the whole was his share ? 

13. What is the ratio, expressed in integral numbers, between the 
sum and difference of 17| and 27Tr ? 

14. K I gain 18{«. in 15 guineas, how much is that in the pound! 

15. Three men. A, B, G, can do a piece of work in 2, 2}, and 3} 
hours respectively, how much of the work could be done in 20 minutes 
by them all working together ? 
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91. It is known to all who understand Nwrnerationy that 
where several figures are placed in a horizontal row, so as 
to form one number, the value of any figure depends upon 
its distance from the figure nearest to the right, or, as it is 
eommonlj called, from the units' place. Thus, if we take 
the number Q^^Q,vfQ know that the four figures, counting 
from left to right, have these values respectively — 6000, 
6OO9 60, 6 ; where we observe that the first 6 to the left has 
10 times the value of the second — ^the second, 10 times the 
value of the third, and so on : or, going from right to left*, 
each figure has one-tenth of the value of the one preceding 
it; in other words, any figure, when moved from right to 
left is multiplied by 10 every step, and when moved from 
left to right is divided by 10 every step. For example, in 
the number 

D C B A 

6666, 

I 

if I move 6 from a to d, or three places to the left, I in 
realiiy multiply it by 10 x 10 x 10, or 1000, i, e, the 6 
becomes 6000. Again, to change a 6 from c to a, or two 
places to the right, I divide it by 10 x 10, or 100; i, e, the 
figure which before represented 600 now represents 6. 

92. Since, then, it has been shewn that successive 
figures to the right are found by dividing by 10, let this 
division be continued beyond the units' place; we cught. 
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therefore, to have, as the value of the fint figore to the 
right of the nnits' place, ^th of 6, or ^; of the necci^ ^^ 
of Ai or ^; so, of the next, xx/W; of the next, tif8to, &c. 
And when these four additional figures are placed to the 

KFOH 

right of the units* place, the entire number will be 6666*6666^ 
where a point has been set after the units' place, to show 
where the new figures commence. The entire number now 
consists of 6 thousands, 6 himdreds, 6 tens, 6 units (or 6), 
6 tenths, 6 himdredths, 6 thousandths, 6 tenths of thou- 
sandths. 

IVOR 

Also, observing *6666, it may be seen that the same rule 
holds that was true of the whole numbers, viz. that to move 
any figure from right to left is to multiply by 10 every step^ 
and from left to right, is to divide by 10. For example: if 
I change the second 6 from F to H, or move it two places to 
the right, I change it from ^fe to iTyfoir* which == j^ ->- 100; 
i, e.l have divided it by 10 x 10, or by ten twice. 

Again, if I change the fourth 6 from H to E, or move it 
three places to the left, I change it from Yishn^ *o ^, which 

H 

= xoSoo ^ 1000; i. e, I have multiplied 6 by 10 x 10 x 10, or 
by 10 three times; hence the same law holds both on the 
right and left of the point. 

Dep. If a number be multiplied by itself any number 
of times, it is said to be raised to a power. Thus, the 
multiplication of 2 x 2 x 2 is otherwise expressed by saying 
that 2 is raised to the power of 3; and a small figure 3 
placed to the right of the 2 and above the line (thus, 2*) 
mdicates or explains how mapy factors, 2, have been multi- 
plied together. In like manner, 10* expresses the multipli- 
cation of four fetors, each 10, and is called the fourth 
power of 10. 
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This small figure is called the Index, or UsepanerU. 

^ 93.. It appears that the figures on the right of the point 
- in reality represent fractions, as ^, ^, 1^7 ^c., all of 
g. wiiich have as denominators either 10, or powers of 10; 
^ hence they are called Decimal Fractions, or Decimals. 
\. And ilie point whicli is placed to separate the whole 

numbers from the decimals is called the decimal point, 

Obs. For the future, in speaking of Decimal Fractions, 

I shall use the single word Decimaia; and for Yulgar 

Fractions, the word Fractions, 

94. We have just seen (91) that in writing down the 
valne which any single figure represents in the whole 
number QQQ^, viz. 6000, 600, 60, 6, we place as many 
ciphers at the right hand of each 6, as will keep it in the 
place which it had in the numbei 6666: so also, in the 
number '6666, if we wish to write down the value of each 
one of these four figures separately, we shall have to place 
as many ciphers to the left of each 6 as will keep it in the 
place which it had in the number 'Q^^Q^ or at its proper 
distance from the point. Hence these four figures, when 
placed singly, would be 

•6, -06, 006, -0006, (X) 

and, as in whole numbers we might go &rther to the left, 
and have as the next figure 60000 ; so, by going farther to 
the right in the decimals, I should have as the next figure 
•00006. 

Comparing the four quantities in line (X) with the value 
which we have shewn to be due to them, viz. /^y, xJttj Tifeoj 
kc^ we have this connection, 

--- = •6 —=-06 — -='006 — — =5*0008 
10 - 100 1000 10000 
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where it will be observed^ that the number of nphiBn m 
the deu' of the left-hand side equals the entite number d 
figures after the decimal pointy whether dpheni or nof^ oa 
the right-hand side. 

95. Taking this fact as proved when there is but 006 
figure in the num' of the decimal frac*, I ahall now absw 
that this is true, whatever be the number of figoxes in the 
num' of the frac"; for example, that t3^= "0675, when 
there are four ciphers in the left-hand den-, and four fyunt 
after the decimal point 



lOUUU lUOUO 10000 10000 



100 1000 10000 ' 
and these, by -what has just been shewn, in last Article^ 
= •06 + -007+ -0005 
= 6 hundredths + 7 thousandths + 5 tenths of thousandths 

= •0675; 

675 
t. e, = ^0675, which was the reqmred result. 

Hence any frac", having as a den' any power of 10, can 
be immediately written as a decimal, by writing down the 
num' only, and so placing the decimal point that it shall 
have as many figures on its right hand, as there are cipherB 
in the den' of the given frac^ And if the num' does not 
contain as many figures as there are ciphers in the den',— 
that is, as many as it is necessary to have after the pointy 
the amount must be made up by placing as many oiphen 
between the point and the figures taken from the num' as 
shall complete the desired number. 

Thus, ^— = 3 -275 - _7il. = .00743. 
'lOOu ' 100000 

In the latter Ex. 1 find it necessary to place two dphera 
between the point and the 743, to make the number of 
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to the right of the point equal to the number of 
lers in the left-hand den'. 

The pupil should now be able to read any decimal either 
one sum, or express it in terms of the several parts of 
[which it is composed. Thus, 3*275 may be read in terms 
l^itB several den^, viz. 3, and 2 tenths, 7 hundredths, and 
S Hiousandths : or 3, and 275 thousandths; and here it will 
le observed that when a decimal is expressed in one den°, 
that den° will be the lowest contained. Thus in reading 
"OOT^S, suice the 3 stands for hundredths of thousandths, 
therefore '00743 stands for 743 hundredths of thousandths. 

9Q. The position of the decimal point determines i^e 
value of every figure both on the right and left of it, that is, 
both of the whole numbers and the decimals. Therefore, to 
move the point to the nght has the same effect as moving 
all the figures to the left; and to move the point to the left, 
is equal to moving the figures to the right 

Now, it has been shewn (92) that to move a figure one 

place to the left is to multiply it by 10; therefore, if in any 

number containing a decimal pointy I move the point one 

place to the right, I in reality multiply every figure in the 

ntnnber, and therefore the entire number, by 10 : similarly, 

if I move the point to the left one place, I divide it by 10. 

Hence, if I wish to multiply a number containing a decimal 

point by 10, 10', 10', &c., I move the point 1, 2, 3, &a 

places to the right; and if I wish to divide the number by 

10, 10', 10', &a, I move the point 1, 2, 3, &c. places to the 

left 

Ex. 3275-468. (Y) 

Moving the point two places to the right, the number 
becomes 327546*8; and it will be found that any figure has 
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now 100 times the value that it had before. The 5 formeily 
stood for 5 ones, or 5, but now for 5 kundreda, or 500; the 
6 for 6 hundredths, or xJ^y, but now for 6, or jfo x 100 j that 
is, each figure has been multiplied by 100, merely by moving 
the point two places to the right. 

Next, let the point be moved three places to the left^ 
and the number becomes 3*275468; and we then see that 
the 7, which in (Y) was 70, is now only xfo, or rffc; that 
is, has one-thousandth of its former value : so, alao^ the 3, 
which before represented 3000, now represents only 3; hence 
it appears that the entire number has been divided by 1000, 
merely by moving the point three places to the left. 

Ezs. 20. 

I. Multiply 8*034 by 10, 10,000, 100,000, and 1,000,000 Baooenhrelj. 

II. Divide 175*04 by 100, 100,000, 1,000,000, and 10 snccessivdiy. 
III. Multiply -005 by lO^, 10^ ; and divide it by 10, 10», 10*. 
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97. In the use of Decimals we shall find it necessary to 
know how to convert fractions into decimals. All examples 
of this kind will in reality be particular examples of Division 
of Decimals; but as the simpler ones can be worked mentally, 
or by Short Division, it is well to work them independently 
of the general rule of division. And it will be seen that 
there are two classes of fractions, one containing those which 
can be exactly expressed as decimals, and the other, such as 
cannot. We shall presently shew the ground upon which 
this variety rests; and shall first treat of the former dass, 
which includes all fractions which, when in their lowest terms, 
have, as den", numbers which contain the figures 2 and 5 as 
their only fiswtors. These may be called convertible fractions. 
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98. We liave seen that a frac" whose den' is a power of 
10, can immediately, bj inspection, be converted into a 
dedmaL And if the den' be any other than a power of 10, 
it must be got lid of by dividing the nnm' by the den'. 

Any den' which contains an equal number of both ttoos 
ta^ fives will evidently contain as many fiictors 10, as 2 and 
5, and therefore be of the form 10, 100, 1000, &o. Take for 
example as a den' 2 x2 x5 xd^lO x 10 = 100: and whena 
6* with such den' is converted into a decimal, there will 
plaixily be as many decimal places as there are ttoos and 
fives. 

EzSt 21. Expreas as decimal fractions 

T JL 11 10 i» 1001 

^' TT> TTTTTUf TfUf loo.ooo' "To" 

99. Next, let the den' contain £u;tors 2 only, or be a 

power of 2, as ^ or ^. 

Now, since the 8 cannot be contained in the 3 miits, 
I must therefore bring these units into tenths, and say, 8 in 
30 tenths, which gives 3 tenths as quotient, and 6 tenths 
over 3 and since 6 tenths = 60 hundredths, 8 in 60 hundredths 
gives 7 hundredths, and 4 hundredths over, or 40 thousandths; 
8 in 40 thousands gives 5 thousandths; and there being no 
remainder, the division terminates : and collecting the three 
quotients, viz. 3 tenths, 7 hundredths, and 5 thousandths, we 
plainly have f = -375. 

It will be seen that like as there are Ihree factors 2 in the den' 8, so 
there are three places in the resulting decunaL The reason of this may 
be seen by representing the process thus, where we multiply num' and 
den' by 1000, 

8 3 10x10x10 8x5x5x5 375 

^ —TT^ — = — ,AA/. =7:^ =-375. 



8 2x2x2 1000 1000 1000 
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It 18 here plain thai the three fiMtors 2 could not have disappeared 
in the cancelling, ^.e. in the diyimon by the den' 8,) had there not hen 
also three factors 10 in the nam', and therefore three in the den', makmg 
1000, and giving three dec' places in the result. 

In Simple Short Diyision^ as soon as I know where to 

put the first quotient, I can write down the others in order; 

so here, as soon as I find that the first quotient consista of 

• tenths, I can place the other quotients without further ooq- 

sideration. But in determining this fini quotient there y& a 

liability to error; for if a pupil takes the fr"^, and begins 

to divide by 80, he may incautiously cut off the ciphers from 

dii^isor and dividend, as in Simple Division: but^ bj plaoiDg 

the fir" thus 

80 ; 3-0000 
•0375 

it will be found that if I cut off a cipher at the end of the 

dividend, I remove a figure which has no value; whereas^ to 

take from the 80 diminishes it tenfold: I must therefore 

say, 80 in 3 imits gives as quotient units; so also, since 

3 units = 30 tenths, 80 in 30 tenths gives tenths. Again, 

30 tenths = 300 hundredths, and 80 in 300 hundredths 

gives 3 hundredths; hence must be put as quotient under 

the tenths, and 3 under the hundredths; the remaining 

quotients will then fall into their proper places by mere 

Simple Division. 

But in examples like this, where the den' contains a 

power of 10, it is best to divide by the other £EuHx>rs firstj 

and then divide by that power of 10. In the Ex. ^, we 

should divide both num' and den' by 8^ and then divide by 

10, by inspection. Thus 

g^ = _-=0375 

So, also, — = -— = -000375 by (96) 
' '8000 1000 ^''*"*' ^J v*'"/ 
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100. If the dan' of the fr* be a composite ntimber larger 
fhaa 12, we may perform the division hy breaking the' den' 
into fibctors^ and dividing by them successivelj. Forexample 

-«_«.1W25, (A) 

wheoro the seoond fraction in (A) was obtained by dividing 
nam' and den' by 4. 

A fraction whose den' has Jhea only as its factors, must 
be reduced to a decimal by a process precisely similar to the 
one exhibited in (98) and (99). 

Ex. ifg. Here there are two factors 5 in the den'; there- 
fore the div^ will terminate when I have used 2 ciphers in 
the num'« 

' '12500 2500. 500 100 ^^ 

= •00024 by (96) 

where the three fiictors 5 in 125, (t. «. in that part of the 
don' which is being got rid of,) produce three figures in the 
nmn' of the last fraction in (B). 

EXS. 21. Express as decimal fractions 

n. h h h h V, n, Uf T«7r 
ni. rh «A, IIWV, Hofllf, 7Aof5xV 
The following equalities are worth remembering. 



1=-126 


i»-26 


|=-875 


1 , 


|.-625 


r« 


5=-876 





a A. 
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Their utOitj appean m foiUoivi :— if in wa wmUn g a fttetion to a 
decimal I have a diviaor 8, and I oome to the Utt figure in the dividend, 
one of the above equalities will enaUe me to writo down the remamiiig 
quotients immedifttoly. 

75 
Thus, if I have to reduce -g- to ade<nmal, I find that after one quo&nt 

9 has been obtMned, 8 is my last dividend ; henoe^ nnoe 8-f-8 » -875, 1 

can writo -^ a 9*375, without performiing the divisian for the last three 

11*7 
quotients. Similarly, -^ =1*4625, where the last three figures wen 

obtained, as before, by remembering the value of 5-s-8. So alscv 

75 

'v-^18'75,->the last two quotients bsing wxitten without dividing. 

101. Coming now to whAt we may call the ivican/vertiib 
fractions, t. e. those which, when reduced to lowest tenna^ 
contain other factors than 2 and 5 in the den'', as^ for ixurtanc^ 
3, 7, 9, &o, we see at once, that the power of 10 which redaoes 
the num' to tenths, hundredths, &c, is not divisible by these 
factors; therefore they cannot be cancelled oat^ as the fiustors 
2 and 5 were; hence the division will not terminate. But 
since the successive quotients diminish tenfold in value every 
step, so that the eighth to the right of the point represents 
hundredths of millionths, we generally pursue the division 
till we obtain 7 figures in the decimal, and then consider the 
remaining quotients as too small in value to be much appre- 
ciated. 

Moreover, whatever be the factor which cannot be 
' cancelled out of the den', we know that in dividing bj any 
divisor, the remainder must always be at least one less than 
the divisor : therefore if any divisor, as 7, be the factor which 
causes the division not to terminate, there can be but six 
remainders; and hence, when 7 divisions have been performed, 
one of these six remainders must come over again, or recur: 
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and if the remainder, which, of course, influences the dividend]!, 
reonrs^ the quotients will also recur, and we shall then hare 
the same set of figures recurring^ as it is termed. 

Ex. To convert f into a decimal 

Working mentally, as in (99), I have 

♦ = •857142867142, &C. (C) 

where it appears that the figures 857142 will recur, to 
whateyer length the division may be carried: hence such 
deeinials are called Recwrring DecimcUs, and the set of 
quotients which recurs is called a Feriod* If the period 
consist of but one figure, that single figure is written with a 
dot ( * ) over it in place of the whole decimal; but if there be 
more figures than one^ the period is written with a dot over 
the first and last of its figures. 

Thus, |» '857142857142 or •$5714^^ 

i = -833 or = -8 

o 

5=-llll or -I 

^=^1= -18680 orlM. 

Obs. The places which are occupied by the figures to the 
right of the decimal point are often called decimal places, 
Thusy in the Ex. ♦, we say that the division was carried to 

« Obwrfisg fte UiM (C) ft m*7 be noticed Uu^ lihencfver ft f^ hu 7 for ite ^^ 
reeoning dedmftl obtained win oon8Lrt of the flgnreiSSTltt; but this period wiO not 
•Iwiys begin with theilgore ^ but with soum other of the aboTe 6 ilgnrea; thus 
f ■ 'MVn Ao, whin tl win be obeerred that the period !• the nme as in (G9, ezeept 

that we begtai with tha 4 ; nd if these flgnres art retained in the memoiy, the whole 

magr be written down at <mo^ as soon as the fiztt figure has been obtained bj diTisioo. 

If; hMm?«r, when the dstf is 7, ttw nool* be ahreaOr a reooning didmal, the abo?« 

obMnnBllon win not hdd^becanse the additioiua flgnres at tha «ikl of th« nam' a^ 
ctpbiHk M Jb Ibi abora ftM I «Bd f. 
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six places before the figures began to recar.«H(See Appendix, 
Art Circulating Decimals). 

EXS. 22. Express as dedmal fractions 

I. h h h ^ As h loflf 

II. h i, V. «> ih A» A» l«flA 

III. 8A> 17A, 875A» Vff 



TO COKVERT TERMINATIKO DECI1CAU9 INTO VULGAB FBACKIOH& 

102. It will be easilyseen that a number expressed ass 
decimal can be immediately exhibited as a vulgar firaoti(HL 
For, since it has been shewn (95) that tS^= *0675, there- 
fore we can reverse the process, and say that 0675, when 
converted into a fr", becomes xSHvi <^d the oorreotness of 
this conversion may be proved thus : 

•0676=— +— + -5- 
100^1000^10000 



/ , J jx .600+70 + 6 

= (when redaoed to L. o. d.) — ■,^-- — 

^ 675 

10000' 

Soal80,S-0275=3+^^ + 4 + i^+Io5oo 

80000 + 200+70+5 80275 



P) 



(E) 



10000 "10000' 

a fraction greater than 1, as might have been foreseen, 
because 3*0275 is partly a whole number and partly a 
decimaL 

DsF. In a whole or mixed number, the part which is 
not finctional is called IntefffXii^ or an ItOeger. 

103. In (D) we observe that the num' of the vulgar fif 
into which we have changed the dedmali befbreit is zedooei 
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to lowest tenn% oonsistB of the figures in the giyeii decmial, 
excluding dphers not preceded by other figures; and the den' 
IB 1, followed by as many ciphers as there are decimal places. 

But in (E), where a cipher occurs in the given mixed 
decimal 3*0275, it remains in the num' of the equivalent 
improper fif; and the den' is formed as before. 

The above fittictions may, of course, be reduced to lowest 
terms; but I have left them in their present shape, in order 
to shew the connection between the given decimal and 
the fractional form into which it could be converted by 
inspection. Reducing them, and writing the Exs. as they 
.should be exhibited in common use, we have 

•0675=TmTr=J«V; and8-0275={JJJt=Wy^=3AV 

If the given number be partly a whole number and 
partly a decimal, we may leave the integral part unaltered, 
and then the resulting &^ will appear at once as a mixed 
number. 

Thug, 76-0726=76xi|^=.76T;^=76^. 

£X8. 23. Convert into vulgar fractions, in their lowest tenns, 
I. -OS, 10-73, 115-008, -0001, 1-005, -343. 
n. 12-01, 10-008, -00725, 135*55, -10505,. 9-^9. 



TO OOlSrVEBT aECURRING DEaifALS INTO VULGAR FRACTIONS. 

104. Though at first it may be thought that a nanrtermdr 
TuUrng decimal cannot be accurately represented by a 6:°; 
yety since every recurring decimal is formed from one of 
that class of fractions iwhich was discussed in (101), therefore 
every such decimal can of course be made to resume the 
ahape from which it was derived: and the accuracy which 



78 BSCDCAL ntAonomL 

was lost in the change from a fraction to a deoimalia revtofred 
by this reconverBion to the original fraotion. 

105. Circulating Decimals are of two kinds; one in 
which the whole of the figures repeat, as 

•86S636 or -Sd ; 

and the other, in which some of the figures to the right of 
the point are not repeated These figures, of course^ always 
stand to the left of the circulating part^ because when a 
decimal once begins to circulate, it continues to do so. An, 
Ex. of this kind is 

•764365365 or -751864. 

The former kind is called a Furey and the latter a Mixed 
Circulating Decimal. 

106. The best method of working Exs. under this case 
will not be intelligible without an acquaintance with one or 
two facts in algebra. A letter of the alphabet may be used 
to represent a quantity, the value of which we have to find, 
as in (73). Thus, I may let F stand for or represent the 
fraction which is equivalent to any circulating decimal ; and 
it is for me to ascertain the value of this F in any particular 
example. 

Also, a number placed just before this F, and with no 
sign connecting F and the number, is a multiplier of the F: 
thus, lOF, §F, mean ten times F, f times F, or f of F; and 
they have the same value as though they were written 
10 X F, S X F. F repeated once is not written IF, as we 
should write Is., but only F. These multipliers 10, f, and 
1, are called coefficients. Moreover, since in the quantify lOF, 
F is the den", and the 10 tells us how many times F is taken, 
just as the 7 in 7s. tells us how many shillings are taken, 
therefore I can add to this lOF, or subtract from it^ any 
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miinber of quantities of the same den"| i, e. any number of 
faniflB 7* 

Thiig,10P+8P=18P 10P-8P=7P 

ftndlOOP+ F=101P loop— P=99P. 

107. Ttlow proceed to find tlie fr" which is equivalent 
to any circulating decimal, as 

Ex. I. *Sd or '863686... 

Let F = 'B6ZQZ6... (G) 

^ow if i multiply both sides of this equation by the same 
number, the equality will not be disturbed. My object is to 
xnovB the point two places to the right in the decimal 

•363636 , so that it shall become 36*3636 This is 

done by multiplying both sides by 100; the lefb-hand side 
therefore becomes 100 x F, or lOOF; hence we have 

100F=36-3686 (H) 

alfloF= '36Z6Ze (G) 

Subtracting (G) from (H), we observe that on the left- 
hand side, F or IF taken from lOOF leaves 99F as in (106); 
and on the right-hand side, since both decimal parts commence 
alike and go on for ever, their difference is ; and after sub*^ 
there remains only the integral number 36 ; hence we have 

99F=36, 

and dividing both sides by 99, we find 

*^-99-n- ® 

By observing (I) we learn that the fraction which represents 
the value of the circulating decimal 'Sd has lor its num' the 
figures in the period, viz. 36, and for the den', as many 
figures 9 as there are figures in that period. 
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In accordance with this rule we may therafixra^ by inapeo^ 
tion, find the value of any circulating decimal which. oontainB 
only such figures as do repeat 

Thus, -6=5=? 
* 9 8 

■"" ^*' 999 888' 

but eveiy pupil ought to work some Ezs. out folly as in the 
beginning of this articla 

108. Again, noticing (H)and (O) we see that the figures 
to the right of the decimal point are the same in both lines; 
and this result was produced by so multiplying both sides of 
the equation (G), that the point might be made to pass OTor 
one period ; in this case it had to be moved two places to the 
right j that is, I had to multiply by 10 x 10, or 100. If the 
period had contained four figures, I should have multiplied 
by 10*, or 10000. I will take as an Example 

Ex. n. To express '^21 6 as a fraction. 

Let F= -22162216 (K) 

herefore,10000F= 2216-2216 (L) 

Subtracting (K) from (L), we have 

9999F=2216; 
2216 



therefore, ¥— 



»»99' 



and it is plain tnat this result might have been written down 
at once by taking as num' of the required fr^ the period 2216, 
and as den' a number consisting of as many figures 9 as there 
are figures in this period. 

109. We now proceed to convert a mixed circulating 
'uto a firaction. The nature of the process is the 
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nine m in the laat artide ; but one step more is required, 
the reaaon of which will appear in the operation 

Ex. in. To oonvert '32f it into a fractioiu 

Let F' 82715715 (M) 

Hieiii as before^ (lOTX oarrying the decimal point over the period, or five 
piaow to the right— ^ «. mnltiplying both aides by 100000, 1 have 

100000P= 82715-715 (N) 

It now appears that I cannot subtract (M) from (N), so 
as to get rid of the decimal parts, because the quantities to 
the right of the point are not the same : but I see that I can 
veiy readily obtain another equation which shall have the 
decimal part the same as in (N) ; for if in (M) I multiply 
both sides by 100, i. e. move the point two places to the 
tif^t, or over the non-recurring part alone, I shall have 

100F:;i 32-715715 (0) 

therefore, subtracting (O) from (N), I have 

[100000F-100F=82715-715...-32-715715...] (P) 
or99900F=827l5-32; 

ihfire£»M 5.^82715-32 
uieretoce, jj 9990Q v4) 

^ 32688 
99900' 

110. In the line (P) I learn that the larger coefficient of 
F has as many ciphers as there are figiu*es from the point to 
the end of the fbrst period; and the smaller coefficient has 2 
ciphers, i, e, as many as there are figures in the non-recurring 
part : also, when the subtraction is performed in the next line, 
the coefficient of F has as many ciphers as there are figures 
in the non-recurring part : and the remaining figures to the 
left are all nines, and as many in number as there are figures 

4—5 



83 DBCnCAL FBACnORa 

in the period. Henoe, observing the right-hand side of (Q), I 
learn that in converting a mixed oircolating deoimal into a 
fraction I obtain as a nmn', ''the figures of the given deci- 
mal to the end of the first period, mvnim the fignres in the 
non-recurring part ;" and as den', ''as many figures 9 as th^:e 
are figures in the period, followed by as many dphen as there 
are decimal places in the non-recurring part" If there be an 
integer in the given recurring decimal, I may omit it while 
finding the value of the recurring part ; and afterwards by in- 
serting it I shall have the resulting fraction a mixed number; 
or I may retain it throughout, as in Ex. Y. below, and the 
result will be an improper fraction. 

I will write down one more Ex. of each kind of drcolat- 
ing decimals, in the form in which they ought to be worked. 

Ex. rV. Find the fraction equivalent to 'dSd. 

Let F= -639639639 (i.) 

multiplying by 1000, 

1000F=639-689639 (n.) 

Subtracting (i.) from (ii.), 

999F=6S9, 

y_639_218 71 
^'' yyy 333 ~ 111* 

Ex. V. Find the fraction equivalent to 2*0S4$. 

Let F=2-0345345 (ni.) 

multiplying by 10000, 

10000F= 20345-345 (iv.) 

Again, multiplying (in.) by 10, 10F = 20-345345 (v.) 

and subtracting (v.) from (iv.) 

9990F= 20345—20 

therefore, F=?5?25^6m^ 1855 
VMUO 3330 66tf 
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or, aBrfttfngtlM int^gnlpvt^ aa deioribed aboye, I hATo 

tlie fiadaooal part =--—,== 7--— == —^ , 

thanfon^ tha antin qiiaiititya2^ aa before; and thia ia the batter 
matiiocL 

EZ8. 24. ConTert into Tolgar fhtctions, in their lowest termi^ 

I. -1, 475, -65, -fllOl, 15-675, -14285?. 
n. •!«, -Oit, 180-285714, -OOOid, -14285?, 85-0o8. 
in. -08451^ 60'OlOli, 100-054, •16?8482, 85'OOS, 8500d. 



ADDITION. 



111. It has been stated in Part L that the fonr elomen- 
taiy proceeses of Addition, Subtraction, dca are applicable to 
quantities inyolving decimals ; we baye now to sbew that the 
rules there given for their working are true. 

Since we already know that quantities cannot be added 
together unless they be of the same den*^, so in the addition of 
decimals, we must take care to add tenths to tenths, hun- 
dredths to hundredths, and so on. And this will be readily 
done, if we so place all the numbers under one another, that 
the decimal points may be in a vertical row. By observing 
the Ex. worked below, we notice that the tenths are all 
placed under one another, as are also the hundredths, thou- 
sandths, &0. 

Ex. L 732*416 Adding up the third row to the right of the 

-084 point, which consists of thousandths, I find that 
-000007 00 

03-268 it amoonts to 23 thousandths, or r-^, which 
2708-4153 i^^O' 

20 8 2 8 



3534-183307 =iooO + 1^=100 + lU7o' ^ *^'*'^^"* P"* 
down the 3 thousandths, and carry the 2 hun- 
dredths to the next column, which consists of hundredths ; and since this 
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step is just sacih as would be performed m Sbnple Addition, it is plain 
that all the rest of the work may be performed by that JEUda. 

112. But if in the qiiantitieB to be added there are oirca- 
lating dedmals, we may either, Ist^ ocmyert into a ft* 6adi 
circulating decimal, and having found the sum of all then 
fractions, reduce the result to a circulating decimal : .or, 
2ndly, (and this method is the better,) write down the re- 
curring decimals at length, to as many places as will indnde 
twice the longest period ; observe where there are two vnti- 
cal columns alike, though not necessarilj close to each other; 
commence the addition three or four places to the right of 
the second of these two similar columns^ and complete the addi- 
tion, as before : the sum found will be seen to be oanied fiur 
enough to enable a pupil to detect the period in the answer. 
Ex. n. Find the sum of •tl428$+ '92857li+ 20'0d2S+ 5'4bi7tli. 

Writbg these at leogth, and working acoording to tliiO abov^ dlrootioofl^ 
IhaTe 

•714285714285 

•9286714286714 

20-0926926926925 

6-4047619047619 

27-14021164020 

Here I ohterft that the first two similar vertioal oolumns axe the seoond 
and the eighth, marked (A) and (B). Conmienoing the addition at the 
third column beyond (B), I find that I have figures enough in the result 
to shew that the sum of the given drculatiug decimals is 27'li021li. 

£ZS. 25. Find the value of 

1. 18-325 + -0007 + 70-1 + 358 + 8-04705 + 1000-06. 

2. 847-859 + •OlOlOl + 639 + 2-578 + 1101115 + -32784. 
8. 1-000009 + 45 + 3845-1 + 75-6832 + 10-01 + -04311. 

4. 7600 + 3-1009 + 473-842691 + -07 + '00001 + I'l. 

5. 3458 + 6-143S8S + -675 + 145-5? + -675164. 

6. -S + -65 + 145-27S4S + 3-60§ + 6-l4286t. 

7. •684 + 1-S8764§ + 8-64100? + -6?. 

8. 1-6 + 19-84854 + 0-2? + 5-347854 + 111-1 + -OSi. 
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SXTBTBACTION. 

113. Ab Addition of Deciinals was shewn to be only an 
cartenmon of Simple Addition, so Subtraction of Decimals is 
of the same nature with Simple Subtraction; but we must 
take care how we subtract^ wh^i the lower line contains 
moire decimal places than the upper, 

Ex. L Slnd the value of 18*0426 - 2'005417. 

Flaoing the two quantitieB one under the other, so that the points axe 
in a yertioal row, we ihaU, as in Addition, haye tenths under tenths, fto. 

As there«re no figures fai the 5th and 6th places in the upper line, I 
may place ciphers there ; and since there are ne figures to the right of 
these dpben, the value of the decimal will plainly remain unaltered, 

A 

18-042600 600 

2-005417 417 

16-037183 183 



If we now take the last three figures in each row as whole numbers, 
80 as to form a Simple Subtraction Sum, we find the difference to be 183 : 
80 also, onoe the 600 and 417 in (A) both represent milli6nths, their 
difference is 183 millionths : similarly the 42 and 5 are both thousandths, 
and their difference =37 thousandths : hence we see that if the subtrac- 
tion be performed in (A) as in a common Ez« in Subtraction, the result 
will be correct. 

114. If an Ex. in Subtraction contain circulating dec! 
mals, we must, as in Addition, write down the periods sufficient 
to contain twice the longest period, and commence the sub- 
traction about five places beyond the latter one of the two 
similar rows ; the remainder which will recur will be found 
to contain figures enough to enable us to detect the period. 

Ex. n. Find the value of 24-40?- 5-98676975. 

Here, writing five of the periods in the upper line, and two in the 
lower line, we have ^ 
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24-407407407407407... 
5-98076978076978... 



18-4266876766877 



The oolmnnB marked (A) and (B) are the fint pair which are iBdmilar; I 
therefore commence the subtraction at the fifth row beyond (^ : nd 
the remainder, which contains the dreoJafehig denima], k wnkaHlij 
18-4266376?. 

By observing the Ex. in Addition of oironlating deciTnalB, I find thai 
the figures which should form the second period are somewhat bebw the 
value of those in the first period ; but by oommendng with the addition 
a little more to the rights I should have figures to carry, aa it is called, 
which would have made the second period correct as well aa tha firstt So 
in the Ex. just worked hi Subtraction, the figures which should form tfai 
second period are too large ; but by commencing the SubtractJon a few 
more places to the right, the process of borrowing would make the figura 
of the second period quite correct. 

EZS. 26. Fmd the value of 

L 8-5--075; 175-8-1-0024; •715-'70451. 
II. 1-325--4736; 10-01-9-875 ; l-5d-'75; -S— -L 
in. •S--07; 8-0758-l-i7S ; 13-4i8j-6-85S7492l. 



MULTIPLICATION, 



115. The rule for the nmltiplication of decimals is to be 
found by multiplying the vulgar fractions equivalent to any 
given decimals, and then observing the nature of the product 
so obtained. 

Ex. I. To find the product of 3*275 and 18*03. 
We have 3-275 x 18-03=??^ x ^^^^ 



1000 100 
3275x1803 5904825 



100000 louuuo 

= 59-04825. 



(Tt) 



mKULUi nukcnomu 87 

From (B) we learn thftt the prodoot of the given decimals ii a decimal 
fraction which hat for its numerator the product of the given numbers 
amated as integers; and for its denominator, 1, followed by as many ciphers 
!■ there are dedmal places in both the multiplier and multiplicand ; and 
moh a fiaction ii of course im^nediately (95) convertible into a decimal, 
nhidi shaU have as many dedmal places as this fraction has ciphers ; 
md tliii oonveraion is performed in the next line. Hence, as this Ex. 
liffert not fiom any other which contains only tenmnating decimals, we 
oomdade that the product of two such decimals is found by multiplying 
them together as in whole numbers, and pointing off in the product as 
many plaoes as are found in both multiplier and multiplicand. 

118. Ako^ if it be required to multiply together more 
than, two numbers involying decimals, it will be found that 
the same rule must be observed. For suppose that four 
nnmbers were given, whose product was required : the pro- 
duct of the first pair might be found, as above ; then this 
product and the third number might be multiplied : and, 
lastly, this second product and the fourth number : and so 
cm ifor any number of quantities ; hence we may find the 
product of any number of decimal quantities^ as in the 
previous Example. 

Ex. XL Fmd the value of -0095 x 207 x 706 X -0081. 

^ J ^ 95 ^207 706^ 81 
The product = .-7^-;^ ^T^^^^TKa^ 



10000 100 100 10000 

^95j<J07 X 706 X 81 ^ _1124562690_ 
" 1000 000 000 000 1000 600 000 000 

= •00112456269Q 

where the number of decimal places, viz. 12,= sum of the numbers of 
places in the four given quantities. 

117. When a few "Exa. have been worked iUustrating the truth of 
the principles here stated, we may then work all similar Exs. as in Simple 
BCult*' of whole numbers, and point off as many decimal places in the 
product^ as there are in all the numbers to be multiplied together. 

Thus Ex. I. would have been commonly worked as follows ; 
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8*275 

18-03 

9825 
262000 
8275 



59-04825 



Much instraction may also be derived from working an 
Ex. in the following manner : 

Ex. IIL To find the product of 271*405 and 98*6854. 

271*405 Placing the multiplier under the multiplioand in. 

93*68 54 ^ i^Qj position whatever, I commence moltiplying by 

fAo'cif A ^^ figure in the units' place, viz. 3. Since then I am 

21*71240 '^^^ merely repeating every figure in the moltipHcaDd 

1*357025 9 times, therefore every figure when multiplied will 

-1085620 give a product of the same kind as itself, and that 

2 4426*45 product will occupy the same place with respect to the 

25426 -eSffS^O^ point as it did in the mult*; hence the product wiU 

clearly be 814*215. 
If, now, I multiply by the 6, which is in the tefUhi' placei, the produet 
wiU be ten times less than it would have been, had the 6 been in the 
units* place ; hence I place every figure in this product one place fioiher 
to the right than in the previous line ; so, also, the product by the 8 will 
be two places to the right, by the 5, will be three places, &;c. 

Again, since the 9 in the multiplier represents 90, 1 place the product 
obtained by multiplying by the 9 one place more to the l^ than the fiist 
product ; and if there were any figures in the places for hundreds, thou- 
sands, &c. of the multiplier, I should place the corresponding products 
two, three, &c. places to the left. The whole of the work will now be 
intelligible. 

The above row of products may be written down in any order we 
please ; provided that, in commencing the multiplication by any other 
figure than the one in the units' place, we use proper caution in placiDg 
the product in its proper s.»uation with respect to the decimal poink 

IiXSi 27. Express as simple decimals 

1. 1*5x1-5. 6. 1*5x3*15x2*17. 

2. 2*375 X 3-48. 7. '008 x 5*5 x 1-4. 
8. •006x78-928. 8. 8-75 x -014 x -875. 

4. 1*0006x461*8. 9. 8*125 x 1425 x -01. 

5. 10*375 X -0074. 10. 35*01 x 7*98 xl-0001. 



) 



118. Kext^ let tiie decimals to be multiplied together be 
either one or both of them drculating. These may be eon- 
verted into equivalent fractions; and then, after haying 
multiplied them, we may convert the product into a circulat- 
ing decimal; or the product of the decimals themselves may 
be £mnd by Simple Multiplication, provided that there be 
taken a sufficient number of figures to enable us to ascertain 
the period in the product We will work two Exs, to illus- 
tiate both methods. 

Bz. y. Find the value of 'U x 75. 
By the first method I have 

4 

•S« X 75= II X 75= ^=27-2727......«27-2f. 

1? 11 

By the leoond method, I write down the period *868686... 

three times, lo that there may be figures enough in 75 

the product to shew its period. 1 81 81 80 

Hafburth period had been written in the multipU- ^5^5i52 

oand, the figures carried from the multiplication of it ^y^7U0 

would have caused the period 27 to have been seen in 
the fifth and sixth decimal places in the product : and every additional 
period in the multiplicand would have produced one more period in the 
product : h«ice, since the number of periods, 86, in the multiplicand is 
unlimited, so, also, will be the number of periods, 27^ in the product ; 
i. e. the product is 27*^t, as before. 

Ex. YI. Find the value of 87*3 x 9*l6. 

Upon working this Ex. by ordinary Multiplication, I find that even 
if I write down five periods in the multiplicand, and four in the multiplier, 
yet the product is such that the learner would hardly detect the period in 
it ; and if the periods had contained several figures, the work would be 
exceedingly heavy ; and since in such Exs. involving two or more recur* 
ring dedmals, the former method is the better, I give it alone. I then 
have 

87-5 X 9-l6=87t X OfJ by aiO) 

= 374x94 
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EZS. 28. Fonn the followiog produoti : 

1. -Sxl-rs. i. 27-8 x4-S. 

2. l-S?x-0458. 5. 1-6 X 4488. 

8. •18-O076 X 4-5. 6. 8-68 x -51 x 4-1 1 



DIYISIOK 



119. In the Exs. under this head, either dividend or 
divisor, or both, maj be a dedmaL I ifill give one Ex. of 
each variety. 

Ez. Fmd the value of 37'5-r-84. 

'Where, as in this Ex., the divisor is a composite number (xmtainixig 
no prime factor greater than 12, we can divide by successive liftoton, as 
in (100) ; thus, dividing first by 12, and then by 7, 

87-6 3-125 jjaAoQK^-ijo u 
-g7- = —=-- = '44642867142, &o. 

= -446428571. 

120. Where there are dedmals in the divisor, we have, 
as in Part i., the following general rule : 

Rule. Count the number of decimal places in the divi- 
sor ; count also the same number in the dividend, and make 
a mark (^ ) cutting off all the remaining figures of the divi- 
dend. If th^e be not as many places in the dividend, as in 
the divisor, add ciphers to make up the number, and then 
iDske the mark. 
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Divide as in whole numbers; all the figures in the 
quotient obtained by using the figures in the dividend to the 
left of the mark will be whole numbers. When these figures 
have been used, place the decimal point in the quotient ; the 
remaining figures obtained by division will be decimals. 

121. Obs. It may happen that the diyisor is larger than that part of 
the dividend to the left of the mark ; in this case there will be no whole 
iramben in the quotient. And if, when the mark is passed, the divisor 
is still too large, a cipher must be plaoed in the quotient after the point, 
for eveiy figure that is used beyond the mark, until the dividend becomes 
large enough to contain the divisor, and therefore until a figure, other 
than 0, appears in the quotient. 

And this will be seen at once to be correct, if we observe that the 
part of the dividend so cut off to the left, and the whole divisor, may be 
omsidered as thereby reduced to the tWM name, viz. the lowest in the 
divisor, as tenths, hundredths, as the case may be ; hetce the division up 
to the mark will give a whole number; and if continued beyond the 
mark, the dec* point must be then placed, and the remaining figures of 
the quotient will be decimals. 

In the following example I make the mark (') so as to retain fovr 
decimals to the left of it, because there are four in the divisor, and 
woik precisely as with integers, placing the dec* point in the quotient^ 
as soon as the mark has been passed. 

Sz. ni. Find the value of 41*0632884 x •0438. 

•0438J 41-0632^884 ^987-518 
8942 

1643 
1314 



3292 
^066_ 

2268 
2190 



788 
438 

3504 
8504 



In the next example, since there are ttoo places in the divisor, and the 
dividend is a whole number, I place the dec* point after the dividendj and 
append Pwo ciphers, and then place the mark. 
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Ex. IV. 9717+1-28. 

1-28J 9717-00* 17900 
861 

1107 
1107 



00 

Sometimes, also, though there be a BuffioieQt nmxiber of <^f^Tnal plioes 
in the dividend to give one or two places in the quotient^ yet if it is 
required that there should be 5 or 6 decimal places in the quotient^ dphen 
may be appended to the dividend^ as before and the diyision oontinned 
as fur as we please. 

Ex.V. 62-5+-025. 

For the sake of iUostration, I work this Ex. in two wayll^ indepen* 
dentlj of any rule ; first, by removing the point three places to the right 
in the numerator and denominator, and secondly, by converting tho 
given decimals into fractions, and performing the division by. the luiial 
method of inverting the divisor. 

62-5 62500 12500 
•025" 25 "" 6 

= 2600 

26 100 

62^_ 625_^ _25^__ §!^j W2 

' -025" 10 • 1000 ■" :^q !^J^ 

= 2500, as before. ' 

EXS. 30. Find the required quotients in the following examples:— 

1. 13-5-r--15. 4. 345-6H-1-728. 7. 576-84326-M19-8. 

2. 83-75-5- -128. 5. 13-358697+ -634. 8. 8-84765+1536. 

3. 1080+008. 6. -084007+34-3. 9. 1-0005+106-8. 

122. If either or both of the given decimals circulate, 
the circulator may be converted into a proper or improper 
ir^y as the case may be, and the division proceeded with as in 
factions; or the circulator may be left unaltered, if in the 
dividend, and only the divisor be converted into a fif , and 
the division then performed. 
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Ex. L Ttid tbe valve ot7S-i--Ui. 

By a08) •!** = 55I = 2* (^ lowest terms) 

iherefere;«=| = 'l^ = !?f.5=506.25. 

27 
Bz. n. Find the quotient of '9634$ wlien divided by *S. 

^-9-8 

therefore . . = — — - =(-96345345...) x 3 

8 

=2'89036035... 
=2'8963§. 

123. It lias been stated in (113) and (121) that ciphers 
may be written after the last figure of a decimal without alter- 
ing its value : similarly, they may be cut off without affecting 
it ; and this is generally done, if the decimal resulting in any 
Ex. haye ciphers at the end. Thus in Art 116, Ex. II., I 
might have removed the cipher which is at the end of the final 
decimal ; only that a pupil would have thought that there 
were pointed off only 11 decimal places, instead of 12 : but, 
by referring to the last vulgar fraction used in that Ex., I 
find that it might have been reduced to lower terms, by divid- 
ing numerator and denominator by 10 ; and there would 
then have been but 11 ciphers in the den', and consequently 
11 places in the decimal which follows. 

EXB. 32. Find the required quotients in the following Examples :— 

1. •54-J--072. 4. 1-23123...-5-3-45. 

2. 27•5-^•06. 5. -18 X -09-5- -16. 

8. 84-7S-M-M. 6. 13-f4-5-{l-5+5-3). 
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REDUCTION OP DECIMALa 

124. We have here to perform in DeoiinalB the opera- 
tion which in (62) was performed in Ynlgar EractianB ; and 
tliis merely requires that the decimal qnantiiy should be re- 
duced to successive lower denominationEf, imtil we have either 
no decimal part remaining^ or until we reach the lowest de- 
nomination used. 

Ex. I. Express in positive tenns '875 of £1. 

•875 of £1 = -875 x 20#. = 7'5(^(^#. ; 

and '58. = '5 x I2d. = 6'Od. sr 6d. ; 

therefore '875 of £1 :=7«. Qd. 
£ 
*375 The work may be written oat m annexed : where it is 

^Q plain that at the end of each suooeseiye mnltiplioation I point 

7'5(^^«. off as many decimals as there were in the preceding fine^ be- 

--r-= cause there are no decimal plaoee in tiie multiplier* 



It will be seen that in both the above operationB I might have 
omitted two ciphers at the end of the decimal part in the shiDings^ for 
the reason given at the close of the last article, I have theiefore oroaed 
them out. 

By using the equalities mentioned at the end of (101), and refemng 
to the aliquot parts of different denominations given in {6i), we might 
have worked this Ex. very briefly. 

Thus, -375 of £1 = f of £1 = 7». 6(1. 
So, also, -875 of £1=1 of £1=>17«. ed, 

Ex. II. Find the value of 7*14685 of Ss, 6id. 

Here, since the concrete number is expressed in several denomi- 
nations, I must either reduce the decimal to a fraction, or rednoe the 
68. 6f<2. to the fraction of a penny, and then perform the multiplication. 

By the second method, giving only the principal steps of 

the work : 

7-14685 X 5#. 6id. = 7-14685 x 66|c2. 

= 7-14685 x66-75rf. - 

= 477-0622375d. 
= 39«. 9-0522875(2. 
Answer. =£1 19«. 9-0522875(2. 
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Just as in (68) I left the nmainder as a firaotional part of a penny, so 
here I leave it as a dedmal fraction of a penny. 

125. If any circulating decimals occur in Exs. under 
this heady we must reduce them to fractions^ and proceed as 
before. 

Ex.m. Find the Talne of -t of £1 lit. 4(i 

•Sof£llU4d.= |of311#. 

_ 6 94 _ 470 _ 156-6 66.,. 

=17-4074074...f. 
and •407407...!.=: (-407407...) x 12(1. 
s=4'888884...<2. 
s4-g({. 

therefore *& of £1 11«. 4<2.=17«. 4j(I. 

Exs. 33. Express in positive terms 

1. . 1-876 of 1 guinea. 7. '05 of 1\di, + '875 of 3*. ^d. 

2. '028 of a moidore. 8. 11*05 of £2—17*5 of 6«. %d. 

8. 875*794 of £5. 9. *875 of a mile + 1'^ of a yard. 

4. I'llSofacrown, 10. 1*185 of a cwt.— '0375 of a qr. 

5. -148825 of 7«. 6(2. 11. •& of 6«. 8<2. + vVi of a guinea. 

6. 49-864 of £15 lOt. 12. -63? of 27i.-'02 of £2. 

126. The following operation is the converse of that 
performed in the last two Arts., and corresponds to that 
exhibited in (78) in Vulgar Fractions. 

Ex. Beduce 4<. 6-|<2. to the decimal of a sovere!^. 

In working this Ex. we shall first reduce the former of the given 
quantities to the fraction of the latter, and then convert into a decimal 
the vulgar fraction connecting the two quantities. 

4j. 6^. _ 54:^. 54-5 4*54166... __ 2*^088 _ ^ 

£1 " 2403: "^ 240 ■ 20 " 10 -*227083, 

or 4*. ^d, = -227085 of £1. 

The mode most commonly adopted for obtaining this result is the 
converse of the operation exhibited in the margin of (124) ; thus. 
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2 ) V where, in the second line^ after the division hj 2 to 

12 ) &5 bring the ha]4>enn7 into » deoima] of IdL, the 6 ii 

2 0^ 4'54166... placed before the point, giving a divideDd 6*5(1. ; lad 
'2270888... in the third line, after the divinon by 12, the 4^ d»* 
noting iff., is pbiced before the point. 

This method ia perhaps the readiest in praetioe ; bat I think it ii 
seldom performed by pupils otherwise than mechanically ; and it is not 
suitable to many of the Exs. given below ; indeed only to aucii as merely 
involve a change from one simple denomination to another in the Tablei 
of money, &c. 

Ezs. 34. 

1. Beduoe 2ff. 6d. to the decimal fraction of 15i. 

2. „ Sff. 7d. ,t „ £S. 

8. „ 25ff „ „ 8 guineas. 

4. „ £1715*. .. „ „ £100, 

5. „ 854 yds „ „ 1 league. 

6. „ 11440 yds... „ „ 2 acres. 

7. „ 8^qr8 „ „ 15 tons. 

8. „ 6 hours „ „ 185 days. 

9. „ 1 leap year „ „ 8 weeks 4 days. 
10. „ f of a mark „ i, Aofacromi. 



MISCELLANEOUS EXAMPLER 

127. The same remark applies to these MisceUaneous 
Examples in Decimals that applied to the corresponding 
Exs. in Fractions : and the only general assistance that can 
be given to a pupil is to shew him the neatest method of 
performing the operations required. 

Ex. I. Multiply £8 17ff. 6d. by 75*25, and reduoe the result to the 
decimal of £100. 

_ (£8 17«. 6(1.) X (75-25) £8^ x 75-25 
£100 £100 

^ 8-875 X 75-25 
** 100 

667-84875 
■ 100 
=6-6784875. 
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-__-', 8-275 , 2-5 8-i25 » ^ . , 
.Ex.n. Reduce-jjjj-of^^x—-Xg;— to a simple quantity. 

Moving the point three places to the right in two numerators and in 
two denominators, and again one place to the right in the numerator and' 
the denominator of the second fraction, the expression hecomes 

181 



^- 





_ 11-90&00... 

9x6x8 
1-82828282... 



6x3 

-22058872058872... 
8 

= -07351290684624..., &c. 

Since ayery large number of decimals is non-terminating, 
it might seem that vulgar fractiomf, which are always 
expressed in finite terms, would be preferable for every 
purx>ose. But this is not the case, for decimals have one 
advantage over fractions from*^the following consideration. 

In ascertaining the comparative value of two or more 
fractional quantities, 'if they be expressed as vulgar fractions, 
it is necessaiy to reduce them to a common denominator; 
but if they are represented as decimals, mere inspection will 
detect tii«ir comparative value, as readily as can be done in 
whole numbers. 

For example, if we have to compare ^, J^, J|, we cannot 
see which is the greatest, and which the least, without re- 
ducing them to a common denominator : but if the quantities 
had been written in their decimal form, viz. 

•4666 ; '44; -46428571, 

we could see at once that the first is the largest; the last one 
is the next; and the middle one is the smallest: therefore, 
c. A. ^ 



9S DBCIlfAL rRAOnOHCL 

in order of magnitude the^ are A^» if i H* ^^ dadmal form 
is more especially nseftd, when seyeral fractional qnantitieB 
are arranged in a table, and where it is' requisite to be able 
to compare the diflferent quantities at a glanca 

We may take as an Ex. the 
accompanying table, in which 
the numbers represent the com- 
parative weights of equal bulks 
of different substances; or, as 
they are generally termed, their 
Specific Gravities. 



Sheet GImbb 8*88 

Plate GlaM 2*5 

Marble 2*716 

Quartz 2*6 

RockSah 1*92 

iToxy .^ 1*917 

loeatO® -926 

Watepat60» !• 



Though the 5th and 6th numbers are very nearly equal, 
yet it can be seen at once that the 5th is larger than the 6th, 
by three thousandths: as £ractions, these quantitieis would 
have been written. Iff; and 1^)^; and the differenoe could 
not have been ascertained by inspection. 

Exs. 35. 

1. Express as a simple decimal the difference between f of ^. and 

4 of A. 

2. Simplify the following expression : 

1*5 8-25 1*875 85 
•075^ li ■*■ rl ^b-76' 
8. How many times must *85 of a groat be repeated, to produce 

^ of a crown ? 

4. Form the following quantities into a dedmal table, a» In (127), 
arranging them in order of magnitude : 

2J, liofl06, ^, 1*75 of 8. 

5. What is the average value of the above quantities, ezpressed as a 
vulgar fraction ? 

6. Find the simple decimal equivalent to I'M x (2*4+ 7't). 

7* Express in positive terms the sum of 1*05 of a orowOy *tl428i of 
a guinea, and *l6 of 68. Sd. 

8. Convert ^ into a decimal, by multiplying both num' and den' 
by some common quantity. 

9. Bedttce 2} of 14^ aores to the decimal of a square mile. 
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10. Fmd in » cUoimal fonn » fourth pn>porti<nud to eftoh of the 
following sets of nmnbera : 

1, % 'Z75i Z'25, -0175, 1-01; ^, f 2-76. 
Ezs. 86. E. 

1. The product is 1549^000, Mid multiplicand 42875; what is the 
multiplier? 

2. How many calendar montlu in S)- centuries t 

B. If 90 d^greessslOO grades, find the number of degrees in 12| 
grades. 

4. A man enters into business with £20,000, and eadi year makes 
a profit of one-fourth of his investment, and adds that profit to his capital ; 
how much will he be worth in 5 yrs. ? 

5. How many fathoms are there in a degree t 

6. If there are 860® in every oirde, and in latitude 80® a degree 
=84*75 miles, what is the length of the oirde which passes through 
latitude 80® ? 

7. What is the average length of the calendar months, including leap 
year? 

8. "Find the abstract number which expresses the ratio of £12} and 
17} shillings. 

9. Assuming that the number of square feet in the area of an oblong 
surface is fotmd by multiplying tiie number of feet in the length by the 
number in the breadth, find how many bricks, each 9 in. by 4} in., are 
required to pave a floor 97ift» long, and 81 ft. broad. 

10. Write an equation involving the signs of add", sub", mult", and 
div", and having the right-hand side»287. 

11. Explain the object and the process of reducing fractions tea O.D. 
Eeduce to L. o. D. }, }, }, }, exphunlng the work. 

12. Convert into a vulgar fraction, in lowest temu^ the sum of 
9 tenths, 8 hundredths, and 5 thousandths. 

13. Multiply the difference between 75 hundredths and 5 tenths, by 
8 thousandths ; ezpresnng the result as a vulgar fraction. 

14. Beduce the following expression to a simple dedmid :— 

i(6i+2t-8). 

15. What dedmal of £1 is } of 18«. id. t 

F. 

1. There are 100 links in a dudn of 4 perches ; how many Unks in 
a league ? 
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2. The wheel of a looomotive whidi is 16^ ft. in oiromnftrenoe^ tmns 
round 25764 times, how many miles will it have rnn ? 

S. Findthecoetof half an acre of building land, at St. 0<i. per sq. yd. 

4. What is the expense of painting the walls of a roooi, 17 ftet long, 
1 3 ft. broad, and 10 ft. high, at Id. a square yard ? 

5. On a railway, from ii to ^ there is a rise of 1 in 160 for \ mile^ 
of 1 in 880 for 2 miles 50 yards, then a fall of 1 in 110 for 1 mile 860 
yards, lastly, a rise of ^7 for 1500 yards ; what is the height of il com- 
pared vdth B ? 

6. A general sends away ^ of his aimy, and then f of the remainder ; 
he has now 1850 men, what had he at first ? 

7. Find the exact value of *ld of a moidore + '&7142& of 2 guineas. 

8. How many allotments, each 2r. 25p., are contained in 47-| acres ! 

9. If there are 100 links in a chain of 22 yards, find bow many 
square links are contained in an acre. 

10. A bankrupt owes £8840, and bis property amounts to <mly 
£1656 ; how much will his creditors receive in the pound I 

11. If a board be 28^ inches broad, how lc«ig must it be to contain 
1 5 square feet ! - 

12. If 500 slates would cover a surface 25 feet- square^ bow many 
would be required for a roof 27 ft. by 86 ! 

18. What number divided by 17^ will give 18{ ! 

14. To ^ of a gross add {- of a quarter of a hundred ; firom this sum 
5«ubtract {■ of a score, and divide the remainder by 174-. 

15. Simplify the expression {■ of ^, proving that the mode of 
working is correct ; and explain what is called cancelling. 

a. 

1. If the interest of the national debt be £1 2t. 6d. each second of 
time, what is the amount per annum ? 

2. How many bottles in 103 casks, each containing 9} dosen t 

8. A person pays a debt of £280 St. in sovereigns, half sover^gns, 
crowns and shillings, of each an equal number; how many of each t 

4. What is the amount of the following items, 54^ lbs. at 59, 4^, 
241 yds. at 7^., and 512 pieces at 2t. i^d, ? 

5. Express as a Vulgar Fraction, in its lowest terms, the sum of 
7 hundredths, 5 thousandths, and 875 tenths of thousandths. 

6. How much ps^er 1^ yard broad, will oover as much as 20 yards, 
off yd. broad! 

7. If 41b. of silver be mixed with 41b. 5oz. of gold, how much 
silver will there be to 6 oz. of gold f 
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8. If one whose rent is £480 pays a tax of £30 6«. 9d., what shoald 
be the rent of a man whose taxes oome to £94 16«. l\d. ! 

9. Gunpowder being composed of nitre 15 parts, oharooal 8 parts^ 
and sulphur 2 parts ; find how much of each is required in making 16 
cwt. of powder. 

10. I take suooessiTely i and then ^ of a sum of money, and find 
that I have left £15 ; what was the sum at first! 

11. Explain the two methods of multiplying a fraction by a whole 
numberi taking as an Ex. J x 3. 

12. In a bridge of 7 arches, the middle one is 75 feet span, and the 
others on each side are -^th less in each succeeding arch ; find the whole 
length of the bridge, aUowing 15 feet for each pier. 

18. Find the value of (vr of £5\ ~ 8-465S of a gumea. 

14. What is the price per lb. of an article, of which 1*5 owts. cost 
118-75 shillings ! 

15. Express in podidYe terms *87i of 27t. 6({.'-' 1*6 of 2 guineas. 

H. 

1. How many bottles of wine in 12 pq>es, at the rate of 52 dozen 
9 bottles each pipe! 

2. find the number of square yards in an area, \ a mile long, and 
j^ of a mile broad. 

8. If one man thrash 7 sheaves of com in a day, and each sheaf yield 
3^ pecks, and each peck 15 lbs. ; . how much in quantity and weight will 
15 men thrash in 6 weeks! 

4. A general having an army of 24,000 men, increases it one-third 
by recruiting ; afterwards he loses one-fourth by disease, and of the 
remainder one-fifth fell in battle ; how many men has he left ! 

5. How many fathoms in a degree ! 

6. What is the ratio of a geographical mile to a British mile ! How 
many geographical miles must I measure, so as to contain the least exact 
number of British miles ! 

7. If a person step at an average 2*lft feet, how many steps must he 
take in "825 miles ! 

8. Beduoe -^ to a decimal without using Long Division ; and shew 
that tIt= *^^^> without dividing at alL 

9. Und the value of 4*25-7- '10625, proving the result by Vulgar 
Fractions. 

10. Write in words -75, 2-0324, 17-000001. 

11. Find the value of (£25 16«. 7t<2.) x 8C^. 
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12. The oiitsomfereiioM of the fore aiid hind wIm^ 
respectively 9f ft. and IS^^ft. ; find how mnny more reToLutiGiin one 
makee than the other in 10| milet. 

IS. What fraction of a guinea and a hal( tc^^ether with £8 let . 9d» 
will give £4 f 

14. Sxhihit as a aimple ynlgar fraction the zesidi of 

•8J-M-17X-052-T-1-S. 

15. Find the ratio between the prodoot and quotient of 147 aad 'Ht 



PRACTICE. 

128. Pbactice is a rule which endeayoors to Aew the 
readiest method of finding the coet of any number of artLdeB 
at a certain price : and the work exhibited in anj Sk. con- 
sists of a series of amounts such as a person would trjr to 
obtain, if he were working the question mentally. 

Thusy if I had to find the value of 541b& at 1^ each, I 
should say, 54 at Id. =5id, = 48. 6d,; and 54 at ^»:54 
halfpence = 27 d. = 2«. 3d. : and therefore 54 at 1^. == 4^. 6d. 
+ 28. 3d = 6*. 9d. 

129. But if the number of articles had been much 
larger, or the price much greater, the value of them could 
not readily have been obtained mentally: we therefore, in 
Practice, use the above method of mental calculation, but we 
write down the successive results, and find their sum for the 
final result. 

The Exs. to be worked xmder this Bule may be axxanged 
as follows : — 

When the price is under a shilling, as 

Ex. L 4108 at 7 id. 
When the price is between 1^. and £1, as 
Ex. 11. 4103 at 78. S^d. 
Ex. m. 6009 at 19^. 5^ 
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When the price edndste of Hiore than £1, lui 
Ex. IT. till At £1 17t. 4iA 
Ex. v. 401S at £12 la. 0^. 

When there is a fraction in the given number of quan- 
tities, as 

Ec mc. 6583^ at £1 19«. llfct. 

When there is a fractional part of a penny other than 
farthings, as 

EaL yn. 4176 at £3 6%. 4^^. 

When the quantity, the price of which is required, con- 
sists of seyeral denominations, as 

Ex* vm. 91faB. doz. 14dwt. at £10 15^. M. per lb. 

130. Mention iras made in (64) of certain fractional 
parts of £1, Ij?., &c., which were termed aliquot parts of 
£\y 1«., &a It is advisable to have such parts of the denomi- 
nations most in use familiarly in the mind; but a pupil will 
find in FRACfncE, that he has to take aliquot parts of many 
other quantities which are intermediate between such stond- 
ard tudts as £1, lewt, &a : and nothing will render him 
expert in taking such aliquot parts as he will require, but a 
readiness in the treatment ei fractions. 

The following are the most usefrd aliquot parts of £1 
and 1«., and should Uierefore be remembered. 



10«. (k2.< 
6«. %d, 

8«. 4d. 

1«. 8(2. 
If. id, : 
1«. 8<2. 
1«. Od.^ 



= i„ 

= i„ 
. 1 
• T it 

■\.. 
■k,. 

'Tit* 

"yiStf 

"Tttt 

TVti 



6d. 


s i shUliog. 


4d. 


= i 




8<2. 


= i 




%d. 


- t 




If 


:i 
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In all oases we shall find, that where the price given is 
not an aliquot part of the unit of the next higher denomina- 
tion, it is necessary to split the price into two or more por- 
tionSy of which the largest must be an aliquot part of this 
said unit, and the remaining portions are aliquot parts eithw 
of this same unit, or of some one of the portions already used 
in the Ex. 

Ex. L 4108 at 7id. 

In this Ex. sinoe the price 7id, ii not an aHqnoi part of !«., I 
therefore break up this price into three parts, 6d., Hd,, and ^, of 
which the largest^ 6d, ^\ of 1«. the next higher ^lenomination ; the next, 
1^. is an aliquot part of 6d„ Tii. ^th; and the last, )ii. is |ih of Ijd. 
Now, I know that 4108 articles at It. each would ooet 4108t, ; fherafoie^ 
4108 at ed., i. e. at {»., ooet 4108 times ^, or ^ of 4108f . : I tfaarefore 
find the value of this quantity and write it down, via. 2054t. So also, 
4108 at Hd.-410S at i of Qd., and therefores^th of tiie value of 4108 
at 6d,, which was found just before Similariy, since Id.s^th of 1^, 
therefore 4108 at ^. =|th of the previously found value of 4108 at l^d. 
-ni jf/\A ^ H9J Hence the sum of mv 

EX.L 4108 at 7i^. th,«, amounts at W.,!^, 

. ^^ , . ii?£ and id., will be the total 

Apnceoa. = \8. gives'"" 

l^d. = iof6d. „ 

_H =s i of lid. „ 

7^. 2,0 



513 6 ^^^' ^^ ^^* ^® ^^^^^ 
g5 7 of the operations which 

2H5,3 1 tav® j«"t been described 



£132 18 1 are to be written out in 

~ the accompanying shape. 

Had the price been below 6d., as for instance 8175 at 2id., we should 
have taken as parts 2d.=l8.; \d, =i of 2d.; and id.=i of id.; and the 
remainder of the work as before. 

In the second division in Ex. l 4 being a divisor, I had 
to find the value of — j — - = 513^«. = 51Zs. Gd; and gene- 
rally, when, as in (64), a number of shillings, or pounds, is 
divided by a divisor, and a rem' is left^ the firactional quo- 
tient can be converted into positive terms at once, and more 
readilj than hy the usual method, in which the remainder is 
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reduced to lower den'^, and the division again performed. 
But in the next line, where the divisor is 6, we have to take 
a sixth part of the 6d. as well as of the 513«., hence I have 

— ^-A = 852«. = 85«. 6d. ; and this, with the sixth part of 6d,, 

viz. ld.f becomes 85«. 7cL Though it takes a long time to 
explain these processes, jet a pupil who is quick at working 
fractions will obtain the above results more readily than I 
can describe them, and much time will be saved by their 
use : but those who prefer the usual method of reducing the 
remainders, as in Compound Division, can of course adhere 
to it. The 2653 in the result evidently consists of shillings ; 
and from this Ex. we see that the highest denomination in 
the sum of all the separate amounts is the same as that of 
which we took the first aliquot parts; and so also is the first 
remainder obtained in each of the divisions. 

Ezs. 37. 

1. 1857 at j. 7. 6329 at 10. 

2. 7161 „ f. 8. 8537 „ 8{. 
8. 8982 „ If 9. 11071 „ lOf 

4. 6110 „ 5i. 10. 7705 „ 10}. 

5. 8457 „ 9*. 11. 8966 „ llf 

6. 7408 „ 9i. 12. 8793 „ llf. 

Ex. XL 4103 at 7«. 5\d. In breaking the price 

4103 7t. 6id. into parts, we find 

A price 5s, Od. = }£ gives 

2».0<i. =A^ „ 

4d. =tof2». „ 

Id. = |of 4d. „ 



1025 16 that 2«. is ^th of £1, and 

410 6 not of the previous aliquot 

17 1 11 Pfurt5«.;henoe| in dividing 

4 5 51 ^7 ^^» ^® ™^^ take as 

Is. 5\d. " £1525 16 Of dividend, not the line cor- 

- responding to 5s. but the 

top line, 4108, whieh is the value of 4108 at £1 each: and in taking 
aliquot parts, we must always be careful to take as dividend, that line 
which expresses the value given by that ooin or denomination of which 
we are taking an aUquot part* 
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Obs. In this and the prooeding Ex. I have written the 
denomination of which the aliquot part has been taiken in 
eyery line: but for the future I afaaU generally omit the 
denomination when I am taking an aliquot part of the line 
preceding, but insert it when I am talking a part of some 
earlier dividend. 

Ezs. 38. 

9. 10205 at 4 20}. 

10. 7248 ,, 9 H. 

11. 12820 „ 8 11}. 

12. 8798,, 9 7|. 
18. 12BQ „ 9 11}. 

14. 7108 „ 8 6f. 

15. 11489 ,, 9 10. 

16. 12146 „ 9 8|. 

This Ex. diflbn horn 
ih9 pfeoediog^ only in 
having the prioe above 
lOt. In BQch a oaae we 
always take 10«. as the 
first aliquot part; and the 
21 remuning shillings and 
penoe as hliquot parts, 
either of 10«.y or of any 
amount which has been used in the course of the example. Sometimes 
it may happen that a second aliquot part of £1 is taken, as in 16#. Sd., 
where I should take 10#. = }£, and 6s. 8d.=y^. 



1. 


f. d, 

7002 at 1 7}. 




«. 2. 


8495 ,, 2 9{. 




3. 


8708 „ 8 7}. 




4. 


8222 ,, 5 IQi. 




5. 


1007 „ 7 Hi. 




6. 


1178,, 8 81. 




7. 


4851 „ 8 0}. 




8. 


8672 „ 7 10. 




Ex. 


m. 6009 at 19a 


6009 


A price 10s. Od. = l£ gives 
5s. Od. = } 
4#. Od. =i£ „ 

Id. =i „ 

4A = i 


3004 

1502 

1201 

100 

25 

6 



198. 5id. 



25 





9 


6 


5 


2i 



£5839 19 Hi 



Exs. 39. 



f. d. 



1. 


18147 at 10 6i. 


2. 


8501 „ 18 9. 


3. 


6234 „ 11 4i. 


4. 


7646 „ 16 Oi. 


6. 


5431 „ 16 llj. 


6. 


11040 „ 16 10. 


7. 


2067 „ 17 8*. 


8. 


8459 „ 18 6. 



9. 
10. 
11. 
12. 
18. 
14. 
15. 



f. (2. 

1948 at 19 0. 

8218 „ 15 10}. 
12327 „ 17 lOf. 
12497 „ 19 10}. 
14889 „ 18 0}. 

4103 „ 14 10}. 
12018 „ 19 5}. 

8972 „ 19 9}. 



PtLA&rwt, 
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St. tv. 7111 at £1 m. 4^ 



Aprice£!l 0*. Od. 

10«. Od. ^^£ 

4d. =4 



H6M£7lllistIWTaltt« 
giv68 7111 o^ 7111 tibings at £1 each ; 

therefbre^ if I find the 

value of 7111 at 17#. 4id,, 

as in the last Ex., and add 

141681 in the top line aa £7111, 

£1828S 18 7f I shall obtain a correct 

" reeult. 

EXfl. 40. 



ft 

9f 
$9 
99 
9* 



7111 
3555 10 
1777 16 
711 2 
118 10 4 





£ i. d. 




£ t. d. 


1. 


1082 at 111 5f. 


7. 


11000 at 1 4 9}. 


2. 


8649 ,^10 61, 


8. 


1572 „ 1 12 IH- 


8. 


15432 „ 1 10 1. 


9. 


7538 „ 1 11 8i. 


4. 


6666 „ 1 8 0)» 


10. 


19345 ,, 1 18 5. 


5. 


5741 „ 1 17 6. 


11. 


1548 „ 1 19 7i. 


6. 


7891 „ 1 14 11. 


12. 


8^54 ,, 1 19 lOi. 



Ex. T. 4013 at £12 U O^d. 



4018 
12 



Aprioe£12 0** Od. giyes 

5«. Od. s}£ „ 



Here, since £4013 re- 
peated twelve times gives 
the value of ^018 at £12 ; 
therefbre I must multiply 
the 4013 by 12, and add 
the pftxhict Its pounds to 
the other .aixiovnt« ob- 
£^9568 18 2^ tained by proceeding with 

the 78. 0^., asin Kxs. III. 
and IV 4 The last division, by 48, cannot of course be performed men- 
tally: a pupil may obtain the result by Long Division, and merely write 
down the amount. 



2f. Od. x=A£ 



£127 



'a. old. 



=A 



99 
99 



48156 




1003 


ff 


401 


6 


8 


7 n 



Exi.41. 





£ f . d. 




£ f. d. 


1. 


6241 at 8 8 7i. 


10. 


5482 at 17 15 10}. 


2. 


999 „ 4 19 9i. 


11. 


7701 „ 6 8 7{. 


8. 


W88„ 51710. 


12. 


7082,, 11 8 8(. 


4. 


1429,, 81910}. 


IS. 


7702 „ 10 17 6i. 


5. 


4108 „ 17 17 Hi. 


14. 


8764 „ 18 14 7^. 


6. 


19101 „ 9 9 10. 


15. 


5605,, 9 19 11}. 


7. 


864 „ 20 17 6. 


16. 


2807 „ 29 74. 


8. 


1875 „ 13 18 7. 


17. 


11078 „ 85 15 9. 


9. 


4278,^1817 8|. 


18. 


8970 „ 63 14 8, 
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Ex. YL 6583^^ at £1 19«. lljdL 



A prioe £1 Of. Od, gives 

10#. Od. ^\£ „ 

5i, Od. =f ,, 

4f. Od. =\£ „ 

lOd. s {of fit. 

Id =A 



»9 



658S 
3291 10 
1645 15 
1816 12 
274 5 10 
27 8 r 
18 14 8| 
6 17 If 



Ttik Ebu.difBBnfrom 
En. IT. and Y. only in 
the p r eee n ee of the frao- 
tion A* I thenlbfe^ aft«r 
lurTiiig prooeedfld with tiw 
sum, Mthoqghthe Jg w e 
not there^ find the Tahw 



Aof £lW«J[l|d. = 1 1 8ff of A of (£1 l«f. llfd.) 

Aprioe £l 19g. ll|d. giyee £18160 4 2^ wMdi, aoooiding to tlie 

. method of Ex. IV, in (84) 

«£1 la. 8Hd. 
The Tmliie of the ^ might also have been thus ohtained: 

15^15 ■*■ 15 "'8"*'5* 
I might therefore have taken one-thixd and one^fifth of £1 19i. llfd. and 
their lom would hayo amounted to £1 It. 31|d.f as before. 



EZ8.42. 

£ f . d. 

1. 14287i <^ 10 13 lOf. 
8. 8779ii „ 14 4 4i. 
8. 8976f„ 715114. 
4. 4149A ,,0 8 7. 

Ex. TIL 4176 at £Z Ss. 4^ 



4176 
3 



A prioe £3 Oi, Od. gives 

59, Od. as |£ 
4d. =A 

ld.=Aof4d. 
|d.=Aof4d. 



99 
ft 



12528 
1044 
69 12 



£ f . d. 

5. 45881 at 016 6. 

6. 1008A ,f 4 8 6. 

7. 2711 A M 7 8 8. 

8. 8714A ,,2 9 llf. 

The presenoe of the 
fraction -f^d, is the only 
point in whioh this Ex. 
differs from XXL and IV. ; 
and just as we break up 
{d. into ^d, and fd., so 
this A^* must be broken 



£3 59. 47V 



3 9 71 up mto such portions as 
8 9 71- will be aliquot parts of Id. 



£13657 5 21^ vi2.(A+A+A)<*vO'H 

-^id.+ld. 

If in this Ex. there had been a fraction at the end of the 4176, as in 
Ex. VI., we should have proceeded with it just as with the A ^ that Ex. 

Ezs. 43. 

d. £ f. d. 

^. 4. 2486) at 18 7i. 

9|. 5. 4321 „ 1 6|. 

5t. 6. 4231 „ 11 8i. 





£ i. 


1. 


5189 at 110 


2. 


7485 „ 4 5 


3. 


1111 „ 14 6 
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Ex. ym. 91b. 3osl 14dwts. at ^10 15«. ^ per lb. 

Hitherto we have bad the quantities whose value was 
required expressed all in one den''; and we could therefore 
repeat the highest den'' of the price, as for instance, ^1, as 
many times as there are imits in the given quantity, and 
then take parts of this highest den'' for the remainder of the 
price. But in Ex. ym. we cannot place 91b. 3oz. 14dwt. 
in the top line, and multiply it by the 10, because the result 
would not be £10 repeated an exact number of times: I 
therefore place the £10 15«. 6d in the top line, and multi- 
plying it by 9, I obtain the value of 91b. at £10 15«. 6d per 
lb.; and tho value of the 3oz. 14dwt will be found, by 
taking the same parts of £10 15& 6d that 3oz. Hdwt are 
of lib. Thus working; we have 



£10 15 6 
9 

Value of 91b. Oos. Odwt. 18 96 19 9 

8 =}ofllb. 
10 siofSoz. 
2 =JoflOdwt„ 
2 =|oflOdwt. „ 






2 IS 10| 
8 Hi 

1 m 



1 m 



91b. 8o». 14dwt. = .jElOO 6 HA 

V20*20 * 2A ^W 

Me 87 

Also, since 8oz. 14dwt.=8itoz.=:8Ao3B.= -^lb. = -j^Ib., therefore 

the Ex. may be written 9^ lbs. at £10 15#. Qd. per lb. ; and it is then 
similar to £x. YL 

EX8.44. 

£ «. d. 

1. 51b8. 10 oz. (Avoirdupois) at 6 6 per lb. 

2. 981b8. 8oz. Idwt. 6grs „ 4 10 6 „ 

3. 800 cwt. Oqr. 16 lbs „ 14 19 6i per owt. 

4. 99 tuns 3 hhds. 16 gals ,,128 18 9 per tun. 

5. 155gros8and76 „ 1 10 6 per gross, ^ 



no 

£•. dL 

6. 185 qaftrten 7 boibdi 4it 8 17 8 

7. 6toiis7cwt.2qn. I71bi. ,, 8 10 7 

8. 87can8iiioDthi20dA7B „ 5 7 H 

0. 15 reuns 9 qaim 6 iheete ^^ 16 9 

10. i6<U7illhoon35miiiutef...,, 1 1 5} per daj «f 12 Immuil 

See Apmrmx, DeeiiiuJ Coinageu 




EZ8.45. 
MISCELLANEOUS EXAMPLBa 

1. WhAt coet 1351 Ibe. at 2ff. 21d. per lb. f 

2. A bankrupt payi ISi. 9d. in the pound iipon £1575^ how modi 

money did be diyidef 

3. FindtheTaliieof2078i7aidiat8t.7f<l. peryaid. 

4. What if the tax on £12345 15i. at 3k 7i<i. in the poradt 

5. Find the worth of 24150 mpeee at It. llfl. eadi. 

6. A gold snnffbox weighed 7oc. 15«lwta. 15 gn.^ find its Talna at 

£4 5s, 6d. per oz. 

7. If 2ff. 3d. in the pound is paid on an income of £1050; what ii 

the net annual income ! 

8. My daily expenses are 10«. 11|({. ; how mndi can I BKwe out of 

an income of £250 ? 

9. Find the cost of a silrer epergne weighing 175 os. 14 dwtb, at 

458. 9d. per oz. 

10. What is the value of 3r. 17p. 25} yds., at £125 per acre ! 

131. In many Exs. similar in principle to those given 
above, a knowledge of fractions will enable a pupil to employ 
very brief methods of working; as, for instance^ if I had 317 
at 16«. Sd,, I should say 

817 at 16$. 8d = 317 at ^£ =^£=264i£=£264 3«. id. 

o 

Again, to find the value of 754 at 7& 7d. 

754 at 7#. 6d.=754 at|£ =?^£=£282}; 

o o 

=£282 15«. 

and 754 at l(2. = 754<2.=62t. lOd. 

therefore, 764 at 7t. 7^.s£282 15<. + £3 2t. lOd. 

b£285 17t. lOd. 
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This method is especially worth notice in short Ezs, 

Thus, 97 at 7K=»7x gf.« ^•.=60{#.=£8 0». 7id. 

Again, when the price is an even number of shillings, 
under 20, as 327 at 16«., we may work as follows : 

827 at 16«.=827x ^£= ?5^£=261A^=£261 12f. 

and this mode of working is comprised in the following 
rule : 

Multiply the given number by half the ^ren pricey 
doubling the first figure to the right-hand for shillings, and 
calling the rest poimds. 

Thus, S27 

8 



£261 12«. 



We may also observe, that since the cost of 12 things at . 
Id, each=l^., therefore^ that of 12 things at 3|6?. = 8^. 
= da. 6cL, and of 12 things at 7^. = 7|a = 7«. 9d. ; i. e. if I 
have the price of one article in pence and a fractional part 
of a penny, the price of 12 articles will be expressed by the 
same figures as sh Uings and parts of a shilling. 

Hence, also, the value of any multiple of 12 things may 
be readily expressed as above, if the price of one be given in 
terms of pence. 

Ex. Find the value otM lbs. at lO^d, 
Cost of 121bs. at 10id.=10i«.=10#. 3d. 
therefore, cost of 8 x 12 lbs. i^t 10^. = 8 x (10«. Zd,)= S28, 

==£4 2s. 

With a little practice, such an Sx. as this mi^t be 
worked mentally, more quickly than it comld be written. 
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APPLICATIONS OF PROPORnON. 



BULE OF THREE. 



The Artidet nuuked ilrai (*} maj be omitted 1^ thoM who hsie not 
Tead Fnctione. 



132*. In artides (65) to (76) the salgect of Proportum 
has been tally discussed : and our bnsinesB now is, to shew 
how to work Exs., which are in reality only different foms 
of the question asked in (73), viz. : If three numbers be 
given, what fourth number must be chosen, such that the 
four, when taken in order, shall be proportionals! 

133. The Bule of Three is so called because in the 
questions given under this head there are three quantities 
proposed. These three numbers, when placed in order for 
working an Ex., are called terms. In using the expression 
first, second, and third termSy we intend to indicate the 
manner in which these three given quantities are arranged. 
Thus, if I were to write 9, 8, 24, as firsts second, and third 
terms respectively, in the sense here intended, I should have 
1st 2nd 3rd 

9 : 8 :: 24 

where the dots placed between the terms are signs which 
express the relation existing among these terms, so that 
with them and the fourth term a Proportion is formed. 
When any three terms are properly arranged at the com- 
mencement of an Ex. in Bule of Three^ they are said to 
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form a Stcntement: and the question is said ta be stated. 
So long as only three terms are contained in a statement^ the 
question is said to be one of Simple Proportion: but some* 
times more than three quantities require to be so arranged: 
the question is then said to come under the head of Comr 
pofwnd Froportum, or, as it is sometimes called^ Double Bule 
of Three. 

It IB here evidently attumed th*t the three qoanlitieBy with the 
required fourth, will form a proportion. But to ascertain whether this 
Ib true, we must apply the tests given in (75) and (76) ; and if either of 
these is satisfied, the question may be worked acoorcUng to the principles 
established there, and which are more fully drawn out in the next two 
Articles. 

In the Appendix (Art. Proportion), three examples are produced, in 
two of which the existence of proportionality is shewn, which an ordinary 
learner could not assure himself to be true; and in the third, he might 
bastUy assume that one of the usual forms of proportionality existed, 
where it is not true. 

The pupil may work any ordinary question in the Bule of lliree by 
the method given below; and it is to be observed that the process gives 
the solution without assuming the quantities to be proportionals; and, 
at the same time, by giving the same result as when they are so treated, 
shews that they may be rightly treated as proportionally according to 
the common rule. 

Ex. L What is the ooaeh &re for 130 miles, if it is £1 i^ ici. for 
35 miles! 

The charge per mile is uniform, and the same in both parts of the 
question; hence, if . 

The fkre for 85 miles be £1 9«. id, 

„ 1 „ will be ^ of £1 9t. id. 

.-. „ 180 „ „ ^ of £IU id. 
the same result as would be obtained by the ordinary method. 

Ex. II. If when a peck of flour is sold for It. id., the penny loaf 
weighs 12 oz., how much will it weigh when wheat is 2«. ! 

At a rate of 16<2. per peck, Id. buys 12 ox. ; and since, when the flour 
is cheaper, any sum, as Id., will buy a proportionately larger amount of it, 

.*. at a rate of Id. per peck, Id, will buy 16 times as much as when 
it was at 16(2. per peck. 
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•.«. at 1(2. per peck, IcL wiU boy 16x12 os.: 
ainoe also when tlie floor ib dearer, tibe Id, will bay proportioiiallj leas; 

.*. at 2id, per peck. Id. will boy —^ — oa.s8oi. 

Though the method here ihewii diipflnna with tiie necMMlty of vaiBg 
a statement, and is very valoable as a discipline to the popil'a mind, yet 
it reqoires greater dexterity in applying principles and in employing 
fractions, than many popits possess who have advanced as &r as Bole of 
Three; and this applies still more strongly when we come to Oompoimd 
Proportion, and other Applications of Proportion, as we shall presently 
see; so that I think teachers will generally find it necessary to emi^oy 
the common mode. 

134*. Observing (73) and (74), -we leam the follofwing 
relations between the four terms forming any Proportion. 

Ist. That the third and fimrih terms are of the same 
kind, t. e. that the third term must always be of the sjEoAe 
nature as the one required. 

2ndly. That the first and second must always be of the 
same kind; and that they must be reduced to the same 
denomination, if they be not already so expressed. 

Srdly. That the fourth term is obtained by multiidying 

the third term by the fraction -=—; or, if this opefati<«i be 

performed at two steps, we multiply by the second term, and 
divide by the first. 

4thly. That if the second term be greater than the first, 
the fourth term will be greater than the third; but if the 
second term be less than the first^ then the fourth term will 
be less than the third. 

5thly. That since the fraction -y-r is an abstract num- 
ber, therefore the fourth term, which = y x 3rd, is of the 

1st! 

same denomination as that in which the. third was expressed. 
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Collecting together these &ot8^ we deduoe the foUowing 
Bula 

135. Bulb. Findont thenstureof the qnaatltyeoiight 
by tiie queition; i «. of the required fourth term. 

Of the three quantities given in the question, find that 
which is of the same nature as the fourth term, and take 
that quantity as the third term. 

In order to place the other two quantities in their proper 
situations, inquire whether, from the nature of the question, 
the fourth term will be more or less than this third term : 
if more^ make the Icurger of the two remaining quantities the 
middle or second term; but if leas^ make the imcUkr the 
middle term: the only remaining quantiiy must of eouise 
fill the first place. 

If the first and second temis be not expressed in the 
same denomination, reduce them till they become so : and if 
the third term consist of several denominations^ reduce it to 
the lowest name mentioned. 

Then multiply the second and third terms together, and 
divide the product by the first: the quotient will be the 
answer or fourth term, erpressed in the same denomination 
as that in which the third term was lef^ 

If this quotient be expressed in too low a denomination, 
[as, for example, 1257 farthings, or 1836 dwts.,] let it be 
reduced to a higher denomination: [as £1 Ss, 2\d, and 71b. 
7oz. 16dwts.] 

136. I will now proceed to work some Exs, which will 
illustrate the different varieties that may be expected under 

. the head of Simple Proportion : and it will be found that 
the principal difficulty consists in arranging the three terms 
according to the directions prescribed by the Bule. This 
is especially the case^ when the question is given in such a 
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Bhape, that the three terms cannot be immediate^ obtained 
from the question as it stands. I will explain this more 
fully as I go through the various kinds of "Eool When the 
SMemeni is once obtained, the remainder of the work 
consists merely of Multiplication^ Division, and Bedaotion. 

I recommend a pupil to work every question that I have 
worked, so that he may the better see the correctness and 
ascertain the object of the successive operations in any 
Ezampla 

Ex. L If 12 yards of doth oost £19, wb*t will 8 ywdil costt 

Here I see that the required fourth term will be money; I thereforo 
plaoe the £19 in the third term. Also, the fourth teim, which is to be 
the price of 8 yards, will be leu than the third term, which is the prioe 
of 12 yards ; therefore, aooording to the Bole, I place the itnaUer of the 
two remaining terms, u e, the 8 yards, in the middle, and the 12 yards in 
the first place. 

The first and second terms are aheady hi 

the same name, and the third tenn contains 

but one denomination, therefore no reduction 

1 2j 152 is required. I now multiply the second and 

£12 13*. Ad, third terms together, and divide by the first : 

the answer is £12 18». id. And this fourth 

term and the other three terms form the following proportion;.-- 

12 yds. : 8 yds. :: £19 : £12 IB9, 4d, 

or in words, 12 yards are to 8 yards, as £19 are to £12 18«. id, 

Ex. II. If 17 cwt. 8 qrs. and 14 lbs. cost £8 18«. 9<2., how much may 
be bought for £5 12«. Qd, at the same rate? 

The fourth term will evidently be expressed in weight ; therefon I 
put 17 cwt. 8 qrs. 14 lbs. in the third term. I now ask this question: 
"If the quantity in the third term can be obtained for £8 18t. 9d, will 
more or less be bought for the £5 12«. (id, V* evidently leu; therefon I 
plaoe the leu of the two prices in the middle, and the remaining one first. 
The first and second terms are not expressed in any single denominatioB; 
I therefore reduce them to threepences, which is the highest denomination 
to which they can both be reduced. Also, since the third tarm consists 
of more denominations than one, I reduce it to the lowest denomination 



ydfc 


ydi. £ 


12 


: 8 :: 19 




8 
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mentioned, viz. lbs. After I have multiplied the second and thiid tenns 

together, and divided by the firsts the quotient is 1260, whioh consists of 

lbs., because the third term was expressed in lbs. This quotient^ when 

reduced to higher denominations, becomes 11 cwt. Iqr, 

£ 9. <k £ s. <k 
8 18 9 : 5 12 6 
20 20 

178 112 

4 4 

715 450 




100100 
8008 

715J 900900 11260 lbs. 
715 

1859 

1480 2g ( 4 ) 1260 

4290 ( 7^315 

4290 4715 



11 cwt. Iqr. 



I will now give a few Exs. in which the difficulty con-> 
6ists in preparing the question for being stated ; but I shall 
merely show how to oyercome the difficulty, and leave the 
question to be worked out as in the former Exs. 

Ex. nL A bankrupt's effects amounted to £980 IO9., and he paid 
his creditors 13«. id, in the pound; what was the amount of his debts! 

At first sight there appear to be only two terms in this question, but 
the £1 furnishes another term. Now all the three quantities are money; 
but by reading the question thus : "If 13f. 4<2. be paid for a debt of £1^' 
what debt will be paid by £980 IO9. ?** I learn that 18*. id, and £980 lOi. 
are money paid, and the £1 is money owed, or d^t; and since the fourth 
term is debt, I place the £1 in the third term. Also, the debts which are 
paid by £980 10#. are of course more than this third term ; tho^fore I 
place the larger term, £980 lOt., in the middle, and ISt . id, in the first 
place. The statement will then be 13«. id, : £980 10*. :: 1£. The 
fourth term will be found to be £1470 15<. 

137*. The four terms, arranged as a proportion, will be 
18«. id. : £980 lOt. :: £1 : £1470 15#. 
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4. How many yxda of paper, ^ mebm wide^ will hang » room 
Si feet round and 10 feet high! 

5. If an acre is 220 yards in length, and 22 in breadth, what mmt 
be the length when the breadth ia 27i feetf 

6. If I can buy l^lyda. of doth for 10 gaineaSy how nmoh oao I 
buy at the aame rate for £288 17«. Sd. ! 

7. An income of £150 payi a tax of £4 7«. M.; what will be the 
tax upon £586 It. ? 

8. If the carriage of IS^cwt. for 56 milea oome to lOt. M,, how 
much can I have carried 72 miles for the same money! 

9. The carriage of 4 cwt. for 72 miles cost 15ff. 94. ; how many lbs. 
can be carried 13f miles for the same sum! 

10. A field of 16 acres produces 440 bushels of wheat : how much is 
that upon every 22 square yards! 

11. A creditor agreeing to receive £51 for a debt, finds that he has 
been paid at the rate of 12«. 9d, in the pound ; how much was the debt? 

12. Three men who weave at the rate of 5} yds. per day, finish 119 
yds. in a certain time : at what rate per day must they weave^ who finish 
85 yds. in the same time! 

IS. If 15 men eat 35 shillings' worth of bread in a certain time, when 
wheat is 12«. per bushel; how much may they eat at the same ooet when 
wheat is 7<. per bushel! 

14. A rate of 2t, 9d, in the pound produces £852 ; what is the reotal 
of the parish! 

15. If an income-tax of lOd, in the pound amounts to 2} millions, 
what must be the poundage in order to produce £8,375,000! 

16. A man buys 148 yds. at 2«. 7-|(2. per yd. ; at what price must he 
sell it to gain £12 12«. lOd, by the whole! 

17. The penny loaf weighs lOoz. when wheat is 5t. a bushel; how 
much will it weigh when wheat is 6«. 3d, ! 

18. The rental of a parish is £5626 10«. ; and the assessment fbf the 
poor-rates is £405 18«. id, ; how much will be the rate on £45 12t. 9ci.! 

19. If the net income of an estate after paying all taxes be £534 15s., 
and the gross income be £570 8s. ; how much in the pound did the taxes 
amount to! 

20. The chain for measuring land is 4 perches, in length, and is 
divided into 100 links; what is the length of a wall in feet, which mea- 
sures 1550 links! 

21 . If 1 lb. of gold, and 1 oz. of alloy, can be coined into 44^ gnineas ; 
find the value of 5oz. of pure gold, considering the alloy of no value. 
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22. I spend 12 gaineas in 85 days, and save ^£100 a year: what 
must I earn in the year? 

23. A piece of gold at £3 17s. lO^d. per oz. is worth £150: what 
will be the worth of a piece of silver of equal weight, at 54«. 6(2. per lb. ? 

24. Two floors are eqnal in sixe, one is 35 feet long, and 25 feet 
broad; the other is 40 feet long: what is its breadth f 

25. The weights of gold and of water are as 19^ and 1 ; find what 
number of solid inches of gold is equal in weight to 17-^ cub. fb. of water? 

26. A dollar is to a crown as 111 : 120 ; how many dollars are 
equal in value to £250? 

27. A clock which gains 7i minutes in 24 hours, is 14 minutes fast 
at Monday midnight; what time will it indicate at 6 o'clock in the 
evening of the following Thursday ! 

28. A person owes £1537 3#. id, ; but can pay only £960 14t. 7(i : 
what will be the dividend, and how much shall I receive for a debt of 
£276 Us, 6(2. ? 

29. The shadow of a stick 3fk. 6in. long is 2 ft. 9in. : what is the 
height of a tree which at the same time throws a shadow of 154 feet I 
(See App. Art. Proportion.) 

SO. An income of £3827 12a. 6d. is taxed at the rate of 7(2. in the 
pound; how m^ch dear income will remain? 

31. Bought 236 gallons of oil for £111 6«. 8(2. ; what profit will be 
made by selling it at the rate of 8s. 6d. for 3 quarts? 

32. Paid £45 10s, for a hogshead of rum ; how much water must 
be added, to be able to sell it without loss or gain at 11«. 6(2. per gallon? 

33. Out of an ino(mie of £312 10s, a year, the expenses are £55 in 
146 days; in what time will 1000 guineas be saved? 

34. If 90 English degrees correspond to 100 French degrees, how 
many French degrees are there in 36 '45 English? 

85. - What must be the breadth of a piece of ground which is 1 4^ yds. 
long, so that it may be as large as a piece 40|yds. long and 4| broad? 

36. The 6(2. loaf weighs 3ilbs., when wheat is 50s. a quarter; what 
will it weigh when wheat is iOs. 3(2. a quarter? 

37. Given that the velocity of a falling body is proportional to the 
time during which it falls; find the time of descent of a body having; 
acquired a velocity of 1000 feet, supposing that the velocity obtained in 
21 seconds is 80*5 feet. 

38. The lengths of the arms of a lever are inversely proportional to 
the weights at the extremities of the arms ; if the lengths of the arms be 
3 feet and 2| inches, what must be the weight at the longer arm to 
balance 20 lbs. at the shorter end? 

a A. ^ 
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39. A bankrupt {Mid £1520 to bit crediton; £206 of his debts wen 
paid in full; and his asaets were to his lemaining debts as 3 : 8; findtha 
amcmnt that he owed. 

40. What can a man save per anntim, who oat of an inoome of £500 
gives away xfttL, pays 7d, in the pound inoome-tvE, and spends £16f in 
3 weeks? 



COMPOUND PEOPORTION. 

1 40. It was observed in (1 33) that a question was classed 
tinder the head of Compound Proportion, when there were 
more than three quantities which required to appear in the 
statement The following is an Exampl& 

Ex. I. If 12 yards of doth, 8 quarters wide, cost £19> what wiU be 
the cost of 8 yards, 5 quarters widel 

If the width of the two pieces of doth were the same, we should take 
no account of this width, whatever it might be: and the question would 
then become Ex. I. in (136), or one of %mpl9 P^portion. Befening to 
that Ex. we have the statement 

12 yards : 8 yards :: £19 (B) 

and the cost of the new piece = ^J, - x £19= — x 19£. 

'^ 12 yds. 12 

We will now take into account the two breadths,' 8 qra., and 5qrB., 

8x19 
and put the following question : — *'If a piece of cloth cost - £, when 

8 quarters wide, what will it cost when the width is 5 quarters t" The 
statement would be 

8qrs. : 5qrs. :: , £ (C) 

and the fourth term= — rri— ^ ^ » = —tr — s— ^ 

12 8 qrs. 12 x 3 

Now, if the whole of statement (B), and the first and second tenns in 
(0), be converted into one statement, as follows :— - 

12 yds. 8 yds. 






o . . .. £19 (D) 

8 qrs. 5 qrs. ^ ' 

And we take the product of the two quantities which stand finr^ as our 
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first term, and tho product of tbe two in the middle, as our second term, 
we shall have 

the fourth tenn= ; ■ ; ,- x --2 — x 19£= — ^^r — 5— £, 

12 yds. 3qrs. 12x3 - 

which is precisely the same as was obtained from the two successive state- 
ments: hence such a statement as (D) will produce a correct result. 
Also, in forming this statement, independently of (B) and (C), I select 
for the third term that which is similar to the required fourth term, as in 
' Simple Proportion: and in placing the remaining terms, I take each pair 
separately, and ask the usual question with the third term, as to whe- 
ther the answer will be more or less than this term ; and I arrange this 
pair precisely as though they were the only two terms which I had to 
consider. However many pairs of terms occur in the question, they 
must all be treated in like manner; for the same proof that has shewn 
how to combine the first and second statements, will shew how to com- 
bine the third with the result of the first pair. 

I will work another Ex. and mention the mental ope- 
rations which must be performed, in order to enable me to 
place each pair of terms correctly. 

Ex. II. A field, 300 yards long and 280 broad, was ploughed by 
six horses in two days of eight hours each ; how many horses will plough 
• a piece of ground 500 yards long, and 315 broad, in three days of ten 
hours each? 

The fourth term will be horses : I therefore place the six horses in the 
third term. Also, the new field 

is longer than the one which re- 300 yards 500 yards 
quired six horses; hence, eon- 280 yards ^ 315 yards „ f^, 
sidering the effect of this pair of 3 days * 2 days 
terms alone, it will require more 10 hours 6 hours 

horses, and I place the larger 

term, 500, in the middle : so, also, the second field is broader than the 
firsts and therefore will take more horses, and I place 315 in the middle. 
Again, the first field was ploughed in two days, but the new one in three 
days ; hence, since the time is longer, we shall, so far as this pair of 
terms is concerned, require fewer horses; and the smaller term, two, is 
to be in the middliD. Also, in ploughing the fibrst field, the days were 
eight hours, but for the second field they are ten hours ; henoB^ ^nUJ^^Jooaw 
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extra time, fewer horses wiU be required, and I plaoe the eight in the 
second place. The whole statement is as annexed; and 

the fourth term= ■ J^^^ V^\ — >, \ J^ honws 

* Bs8x 2 horses =6 horses; 

precisely the same number as before : ». e, the increased size of the field, 
and the increased length of time allowed for the work, are so balancedy 
that the same number of horses as before is sufficient. 

In arranging the several pairs of terms in the statement, 
I seem to be trying at one time to obtain a smaller term, 
and at another time a larger term than the third; and it is 
true that some conditions of the question tend to make th^ 
fourth term less than this third, and some to make it more. 
Each pair will produce its own e£Eect in increasing or 
diminishing the required term; and we shall therefore find 
the result more or less than the third, according as the 
conditions in the question which would make it more^ pre- 
dominate, or not, over those which would make it less; i. e, 
according as the product of all the terms in the second 
place is more or less than the product of all in the first 
place. 

It must be carefully observed, that if any pair of corre- 
sponding terms be not expressed in the same denomination, 
they must be so reduced, just as in Simple Proportion, be- 
fore we commence forming the fraction which will give the 
fourth term. 

According to the method of (133), without assuming the proportion- 
ality of the quantities involyed, the work will be as follows. 

In Ex. L let ^ be the number of pounds sterling required, then. 
'. 12 X 8 represents the aj:ea of doth which cost £19 

I. . ^Bd8x5 n- - »» »9 ^^ 
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•*. —r-^— represents the area ooBtbg £1 

ana-^ „ „ „ £1 

and dnce £1 will always bay the same quantity, the quality bein^ 
supposed the same^ therefore, inyerting these equal fraotionfl^ 

A 19 .8x5x19 , . 

or,A=^ ,o^o > as before. 



8x5 12x8 ' 12x8 

In Ex. II. let ii be the number of hones ; 

Now, 6 horses can do 800 x 280 sq. yds. in 2 x 8hrs. 

800x280 J . ,• 
or, 2^g Bq» yds. m 1 hr. 

, 800x280 J . ,1. /v 

.*. 1 horse can do -5^8 x 6 ^' ^ "^ 1 "• 0) 

-, , . , , 500x815 _j . , ,. 

So, also, A horses can do — — rg— sq. yds. in 1 nr« 

. , , 500x815 - ,„. 

••^^^* *' axiox^ ^^-y^ ^"> 

.. ... , ilxSxlO 2x8x6 

(I) and (u) are equaj; .-. ^g^j3^3jj =^5^3^^ 

500x815x2x8x6 ^ 
^'»^- 800x280x8x10*" 

Ez8. 47. 

1. If 10 men can dig 80 yds. of earth in 8 days, how many yards 
can be dug by 20 men in 4 daysT 

2. If £300 gain £10 in a year, in what time will £900 gain 
£175 10».! 

8. Three boats take 6000 herrings in 8 days ; in how many days 
will 450 boats take 20,000 barrels, each containing 700 herrings! 

4. I borrow £175 10«. for 10 months, when money is worth 5 per 
cent. ; how much must I lend in return for 12 months when money is 
worth 8^ per oent. t 

5. If five men can reap a field whose length is 800 feet and breadth 
700, in 8} days of 14 hours each ; in how many days of 12 hours each can 
seven men reap a field whose length is 1800 feet, and breadth 960 feet? 

6. The papering of -a room 10^ feet high, and 20 yards round, cost 
£1 2«. 6d, ; what will be the cost of papering another room 9 feet high, 
and 68 feet round! 

7. If I pay Is. Zd, for CTlb. 14oa. oC bteiA, '^V«iv NR\«».\.Na •a.'^^. 
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per bnsliel, wliat must I pay for 281bi. ISos., when w1ie«i u St. 6tL per 
biuhel! 

8. A priDting machine tnrni oat 87,260 aheeto m a day, nmning 
12| h<mn ; if its speed be increased in the ratio of 4 to 8, how many 
sheets will be wrought in 7^ hours! 

9. A carriage wheel, the oircmnference €i whidi is 16]- feet^ and 
which makes 45 revolutions per minute, goes 275 miks in a certain time; 
how many revolutions per minute must a wheel m^ke^ to perform 885 
miles in the same time, the ciroumferenoe of the latter wheel being 19^ 

feet! 

10. A field of 12 acres having 120 stalks to eadi square yard, and 
70 grains to each stalk, produces wheat to the value of £96 16t. : idiat 
will be the worth of the produce of 800 square yards, having 175 stalks 
to the square yard, and 45 grains to each stalk ! 

11. An iron beam 16 ft. long, 2] ft. broad, and 8 In. thick, weighs 
1280 lbs. : what must be the length of a beam whose breadth is 8^ft.» 
thickness 7} in., and weight 2088 lbs. t 

12. If a wheel which revolves at tiie late of 470 times in 8 minntei^ 
make 50 revolutions in a certun time; how many revolutions will 
another wheel make in the same period, at the rate of 860 revolutions in 
7 minutes? 

1 3. If 15 men eat IZs, worth of bread in 7 days, when wheat is 12a 
per bushel ; what should be the price so that 10 men should be furnished 
for 12} days at the same cost! 

14. A hay-field which has 2J- tons to the acre is mown by 20 men 
in 6 days working 8 hours a day; what number of hours per day must 
13 men work for 8 days upon a field which has 3} tons to an acre! 

15. The circumferences of the smaller and larger wheels of a caniage 
are in the ratio of 5 to 6. Let the carriage move in a ring, so that the 
circumferences of the circles described by the inner and outer wheels 
Bhall be as 7 : 8. Given that the inner large wheel makes 800 revolu- 
tions in describing f of its path, find the number of revohitiQns made by 
the small outer wheel, while describing •} of its path. 

16. If the price of 100 bricks, of which the length, breadth, and 
thickness are 16, 8, and 10 respectively, be 5«. id.; what will be the 
price of 9760 bricks, which are one-fourth greater in every dimeoriont 

17. If 5 steam-engines of O-horse power (when employed 8 days a 
week, and 10 hours a day) raise in one week through a certain altitude 
25 three-bushel sacks of wheat, weighing 60 lbs. a bushel; in what time 
will 9 engines of 8-horse power (when employed 5 days in the week, and 
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9 boiin a day) raise ibrongli 15 times t&e former altitude^ 75 two-bushel 
sacks of wheat, weighing 63 lbs. a bushel! 

18. Three fire-eng^es, each having 4 pipes, 3 square inches in sec- 
tion, are worked at the rate of 20 strokes in 3 minutes, and discbarge 
4680 gallons of water in 16 minutes ; how many engines, each having 3 
pipes, 5 square inches in section, and worked at the rate of 17 strokes in 
2| minutes, will discharge 20,000 gallons in half an hour! 



INTEREST. 

141. IiTTEBEST is the payment made for the use of money 
for any time, and is generally reckoned at so many pounds 
a-year for <£100 lent; or as it is commonly called, so many 
pounds per cent. For instance, if ^5 be tbe interest of iSlOO 
lent for d. year, we should say that the money is lent at the 
rate of five per cent, per annum. 

The sum lent is called the Principal; the interest of £100 
for (me year the Bate; and the simi lent, together with its 
interest, for any length of time, is called the Amount, 

When interest is paid only upon the sum originally lent 
it is called Simple Interest; but when at the end of any time 
agreed upon, as for instance a year, the interest is added to 
the principal, so that this amount forms the principal for the 
next ye^r; and a similar addition is made at the end of 
every such period, then it is termed Compound Interest 

142. The questions which occur in this !Rule are merely 
, Examples of Proportion. 

Ex. I. Find the Simple Interest of £382 10«. for one year at 5 per 
cent.; in other words — If the principal £100 give £5 interest, what 
interest will be derived from the principal £382 10«.? the statement will 
evidently be 

£100 : £382 10*. :: £5. 

Also, it will be found that every Ex. in ^yck^V"^ \!Di^jet^^ 
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-will fumi^ a similar statement, in which we o bn cr vo that 
the first term is £100, the second is the principal, and the 
third is the rate. 

We now multiply the second term by the 5, and divide 
by the 100 ; t. «. we multiply by the rate and divide by 100. 
And in these Exs. we do not, as usual in the Bnle of Three^ 
reduce the first and second terms to the lowest denomina- 
tion expressed in either of them, but multiply by 5 and 
divide by 100, as in Compound Multiplication and Division. 
The sum, when worked in the usual form, stands thus : 

£100 : £882 10«. :: £5 
5 

1,00; 19,12 10 
20 

2,60 
12 



6,00 Afmoer. £19 2i. (W. 

Here the division by 100 is performed by cutting off two 
ciphers at the end of the divisor, and two figures at the end 
of the dividend : and the remainder after each division is 
reduced, as in Compound Long Division. I have written 
the 100 as a divisor, but in practice it is omitted. 

143. Since in (142) we multiplied by 5, and divided by 
.100, therefore we might at once have multiplied by the 
fraction y^, or ^ : that is, the operation of finding the 
interest might have been performed mentally by taking ^ih 
part of the principal; similarly, /^yth, for 2^ per cent; its^, 
for 10 per cent. &c. ; and this short method is generally used 
when the rate is an aliquot part of £100, but not otherwise. 

144. If the interest for any number of years is required, 
multiply the interest for one year by the number of years. 
If for any number of months, aliquot parts of the interest 
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for one year may be taken, as in Practice : but if for any 
number of weeks or days, it should be generally found by 
Proportion. 

Ez. n. Thud the interest of £175 for three years uid 185 days, at 
fiye per cent. 

The interest of £175 for one year is £8 158,, and for three years is 

8 X (£8 15«.)=£26 5a, Now, to find what is the proportionate amount 

of interest for 185 days, we have this statement ; 

days. dayi. £ «. 

865 : 135 :: 8 15 

and the answer is £3 ig. md.i therefore the whole interest =£26 58. 

+£8 4s. Siid,=£29 9«. B^d. 

Exs. of this kind, involving Simple Interest for years and 
days, may also be worked as follows : 

Since we obtain Simple Interest for 1 year by multiplying by the rate 
per cent., and dividmg by 100, 

••• in ttSs case, S. Int^for 1 year=175x — £ (E) 

and expressing the 185 days as a fractional part of a year, and multi- 
plying the interest of 1 year by the number of years, viz. ^Hi, or 8f |^, 

••• "''<>»« intere»t=176 >< J^ x sg =175 x ^- x ^ 

Obs. I did not reduce the ti" ^j-r in (E) to lower terms, because the 
den' is g^erally more simple, when the 100 is left uncancelled* 

Under the head of Simple Interest may be included all 
questions generally classed under the heads of Commission, 
Brokerage, and Insurance; for all such quantities are calcu- 
lated at a fixed rate for every £100. 

Exs. 48. 
Find the Interest of Find the Amount of 

£ $, d. tpr. £ £ $. d, yrt, £ 

1. 824 for 1 at 5 p. c. 4. 1025 for 3 at 2| p. c. 

2. 475 10 6 „ 1 „ 4 „ 5. 1760 9 „ 1J„ 3^ 

3. ' 875 12 8 „ 1 „ 81 „ 6. 1827 18 9 „ 6\,, 'iK 



ft 
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Interest of Amount of 

£ 9, d. . p, m, £ £ i. d. y. tn, £ 

7. 540 17 6forl 5 at 4 p o. 9. 287 10 for 4 11 at 5} p.a 

8. 1845 guineas ,, 8 10 ,, 3 ,, 10. 11428 „ 9 7 », U » 

Interest of Amonnt of 

£ t. d. 9. w, £ £ i. d. p. w, £ 

11. 755 6 8 for 1 15 at 2-2 p.c. 13. 1875 5 for 8 45 at ijp.c* 

12. 985 13 4 ,^ 3 39 ,, 4p-o. 14. 2000 ,, 11 80 ,, S^ „ 

Interest of Amount of 

£ t. d, p, d. £ £ i. d. f. d. £ 

15. 144015 Oforl 73at5p.c. 17.1175 2 6 for 4 300 at 3^ p.c 

16. 2500 „ 3 90 „ 4 „ 18. 990 11 „ 7 150 „ 6 „ 

145. As an Ex. in Compound Interest we may take 
the following question :- — 

Ex. III. What is the amount of £Z5Q in three years at five per cent. 
Compound Interest? 

Putting down only the results of the three operations, we have 

£ *. a. 

Principal of first year 350 

Interest of first year 17 10 

Amount of first year, and principal of second year . 867 10 
Interest of second year 18 7 6 

Amount of second year, and principal of third year 385 17 6 
Interest of third year 19 5 10^ 

Amount at the end of third year 405 3 4^ 

This is the amount ; if the interest alone is required, we subtract the 
principal £350, from this amount ; the remainder is £55 3«. ^d. 

The above results can be obtained mentally when the per centago is 
an aliquot part of 100, as 2^, 5, 10, 20, (143) ; or when it can be easQy 
made up of such numbers, as 21 p. c. in (152), Ex. ni.; but if any other 
be taken, the work must be performed at length, as in (142). 

EXS. 49. Find, at Compound Interest, 

The Interest of The Amount of 

£ s, d. yrs. £ £ s, d, £ 

1. 1500 for 4 at 5 p. c 4. 750 for 6y. at 5^ p. c. 

2. 354 13 6 „ 2| „ 4^ „ 5. 2025 „ 3y. I50d. at 5 „ 

3. 1820 15 „ 3i „ 2J „ 6. 1825 11 6 „ 4y. 7«io. „ 3 „ 

* In this and the following Exs. the fractional parts of a penny have been n^ected 
-when finding the interest for the weeka. 
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la Compoimd Interest, when the int* is paid half-yearly, or qnarterly, 
the result is different from that obtained when it is paid yearly, because 
the principal is sooner increased by the addition of interest ; and therefore 
Comp^ Int* begins sooner to accrue. In all cases, the int^ must be added 
to the principal as soon as it is due. 

146. Questions may be found in Interest which involye 
some little difficulty, because there do not appear at once 
three terms out of which to form a statement. And most 
pupils will find that in any difficult question involving the 
application of Proportion, as in Profit and Loss, Stocks, &c,, 
they cannot succeed in thoroughly comprehending it, with- 
out placing it in a plain Rule of Three form. 

Hitherto we have been finding the Intereed, when the 
other three quantities, FrindpcU, Eate, and Time were known ; 
the following Exs. shew how to find amy one out of the 
above four quantities, when the remaining three are known. 

Ex. lY. In what time will £7$ 12«. 6d. amount to £99 16«. 6d. at 
four per cent, per annum? 

Here the interest gained is found by subtracting the principal, 
£75 128, 6d., from the amount, £99 16«. Qd,, and it ^£24 ia. Also, the 
interest of £75 129. 6d, for one year at 4 per cent, is £3 Os. 6d. Hence 
I have this question : 

If £75 128. 6d. produce £3 08. 6d. in one year, in what time will it 
produce £24 4«.1 The statement is 

£8 08, Od. : £24 4^. :: 1 year, 
and the fourth term will be found to be 8 years. 

Ex. V. What sum will amount to £104 28, 6d, in four years, at 4^ 
per cent, simple interest? 

I must here inquire what £100 would amount to in four years,, at 4^ 
per cent. ; the answer is £118. The question is now, therefore^ 

If £100 become £118, what sum will in the same time amount to 
£104 2s. 6d. 1 The statement is 

£118 : £10i 28. 6d, :: £100 
and the required fourth term is £88 is. 9^^. 

Ex. VI. At what rate per cent, will £152 10s. amount to £191 78. 9d, 
in six years I 
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IhftveinthisEz. tofiDdiheintorestof £l(M)loroiieyMr. Now llie 
interart gained by £152 lOf. in lix yean is (£191 7t. 9ii— £168 lOt.), 
or £38 17ff. 9d», or in one year £6 9f . 7^ : henoe the question now ia. 

If £152 lOf. gain £6 9<. I^d., wUt wiU £100 obtain? The Btatement 
vnU be 

£152 10«. : £100 :: £6 9«. 7H 

Ob8. Theae, and all future Exa., aa in Profit and LoaB, PMrtnenlup^ 
&c., of which I put down only the ateps, should be woilLed out fbUy fay 
a pupil, and in all casesi where possible^ firaetionally. Thus in fhe last 
Ex., since £6 9f. 7id. = l29i. 7H»129ff> 

*v ^.i.x ^WO -^^. 100^1087 ,«nw 2 1<>87 

the4thtenn=^^j^xl29i*. = 555X-g-,..10Ox_x.^s. 

b85«.s£4 5«. 
i. e, the rate per cent, is 4|. 

Ezs. 50. 

1. In what time will £62 amount to £71 6#. at 5 per cent, per 
annum*? 

2. In what time will £1215 15«. amount to £1291 14«. SJcf. at the 
rate of 2^ per cent. ? 

8. For how many years must I put out £987 12f. to interest at 4} 
per cent., in order that I may receive £1197 98. Zfd, ? 

4. What sum of money will in 1 year amount to £108 13«. 6d, at 
8 J per cent.? 

5. Bequired the principal which will in 3yrs. amount to £136 2a. l^d., 
at 2J per cent. 

6. Find what sum will produce interest amounting to £330 15s. in 
Tyrs. at 4 J per cent. 

7. At what rate of interest will £95 IBs. a.mount to £112 10«. 1^. 
in 5 yrs.? 

8. What must be the per centage in order that £1175 may become 
£1637 18». Hci. inTlyrs.? 

9. Required the rate per cent, at which 1000 guineas will gain 
£590 12». 6d. in 12^yre. 

10. Find the rate per cent, at which any sum of money will double 
itself in 8 yrs. 

11. What sum lent at 5 per cent. Compound Interest will in 3 years 
amount to £358 17». 3^^. ? 

* Simple luunaat i& always implied, uuless the contrary be expressed. 
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12. Find the difference between tbe Simple and Oompoixnd Interest 
of £416 13«. id. for 27T8. at 2^ per cent. 

13. What is the commission on £20500 at 8} per cent. T 

14. Find the premimu on a policy of life insurance for £2500 at 
£5 17«. 9d, per cent. 

15. What annual premium must a fanner pay on stock valued at 
£370 108., at 28. M, per cent.! 

16. In what time will £818 18«. id. amount to £1064 lit. lOd. at 
3} per cent. ! 

17. At what rate of interest will £782 108, amount to £1245 5«. in 
lOyrs.? 

18. If the interest on £180 15«. lOd. for 10 days be 8i. 7d., how 
much is that per cent, per annum! 

147. Questions concerning Annuities, Leases, and Bever- 
sions involve applications of Interest; but they generally 
require for their 'solution either algebraical expressions or 
tables derived from these. The followuig is however a 
simple example of the kind. 

Ex. YI. What is the amount of an annuity of £50 left unpaid for 
5 yrs., allowing Compound Interest at 4 per cent, per annum! 

I write down merely the outlines of the work, and neglect all sums 

below Id., as the fractions obtained after two or three divisions become 

exceedingly heavy. 

£ #. d. 

Amount due at the end of first year 50 

Interest due at the end of second year 2 

Add £50, due at the end of second year 50 

Principal of tlurd year 102 

Interest at the end of third year 4 17 

Add £50 due at the end of third year 50 

Principal of fourth year 156 1 7 

Interest at the end of fourth year 6 4 10 

Add £50, due at the end of fourth year 50 

Principal of fifth year. 212 6 6 

Interest at the end of fifth year 8 9 10 

Add £60, due at the end of fifth year 50 

Amount due at the end of £ye years 270 16 3 

If Simple Interest alone were allowed, I should write the interest for 
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the saoceBsive yean by itself, and add ito aaumnt to iha tool smount ; 

by this means no interest would be allowed upon interest^ i.e. there 
would be no Compound Interest. 

The subjoined Examples are wortH notice. 

Ex. YIL What must I give for a freehold, let for £225 a year, ao 
as to have 4^ per cent, for my money? Or in other words. 

If every £100 laid out bring £i\, what sum will produce £225 1 The 
statement will be 

£ii : £225 :: £100 

and the fourth term=--;Vr x£100s!;!;i(xl00x ^£=£5000. 

148. Sometimes in speaking of the price of a piece of 
property, it is said that a certain number of years' purchase 
is given for it: this is the same as so many years' rental 
Thus, if a field, the rent of which is £4, be sold for JBIOO, 
we say that 25 years' purchase was given for it^ beca^ise the 
price is 25 times the rental 

Ex. VIII. How many yeajra' purchase shouM be paid for freehold 
property to clear 4^ per cent. ? 

I must here see how many times a rent of £i| must be repeated to 
produce £100, the price of the land which gives £i^. 

This number = — - - =100 x - = -^ =22}; the price paid is there- 
fore said to be 22f years' purchase. 

Exg. 51. 

1 . What will an annuity of £60, payable yearly, amount to in 6 yrs. 
at 5 per cent. Compound Interest? 

7. Find the amount due from a pension of £100, payable half-yearly, 
which has been unpaid for 8|^yrs., allowing 5 per cent. Comp. Interest? 

3. What principal lent for 2^ yrs. at 5 per cent. Compound Interest 
will amount to £700 12«. 9^d, ? 

4. What should be the purchase money of an estate, of which the 
rental is £5200, so that the buyer may receive 3^ per cent, for his money? 

5. A purchaser invests £7500 in land, and receives 2f per cent, upon 
his investment; what is the rent? 
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6. What per centa^ ia received upon the purchase money, when an 
estate whereof the rent is £367 10«., is bought for £10500 1 

7. How many years' purchase should be paid for freehold property , 
to produce 8f per cent, t 

8. A freehold is sold at S3 years* purchase; what rate of interest is 
received on the investment? 

9. What is the value of a perpetual annuity of £1^ at the rate of 
4 J per cent. ? 

10. Property which brings 7 per cent, lets for £85 15«. ; what was 
the purchase money? 
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149. Discount is an allowance made by a creditor to a 
debtor who pays a debt before it is dua When this allow- 
ance is subtracted from the debt, the remainder, i, e. the sum 
that is paid, is called the present worth. 

Discount is calculated at a certain rate per cent., and in 
common usage is treated just the same as Interest : we shall, 
however, show that this is not strictly correct^ but that the 
person who pays the money has thereby more than the just 
allowance made to him. 

For instance ; if £50 were due to me at the end of one 
year, but I were willing to allow a discount of 5 per cent, 
for ready money, then, according to the common usage, I 
should throw off the interest of £50 for one year, Tiz. £2 10a, 
and receive only £47 10& But if I make a debtor an 
allowance for paying ready money, I do so upon the sup- 
position that I can place out to interest the ready money 
which I receive, and together with the interest can make 
up the £50 at the end of the year. Now, if I put out to 
interest £47 10^. at 5 per cent., I shall obtain as interest 
£2 78. 6d., and therefore I shall in all receive £49 Us. 6d» : 
hence I lose 28, 6d, by this arrangement. The real question 
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now is— -What snm put oat to interest foe a year at 5 per 
cent will amount to £50 1 Or — ^If J&IOO will amount to 
£105, what sum will amount to £50? The statement 
will be 

Interest for 1 year £ 5 

Principal £100 

Amount £105 : £50 :: £100 (F) 

and the fourth term will be found to be £47 I2s. 4f^dL 

Also, the interest of £47 12& 4fdy for one year is 
£2 78. 7^d.; and this, together with the principal, = £50: 
and therefore I neither gain nor lose. 

By observing (F), we notice that the third term, £100, is 
the present worth of the first term, £105 ; and the fourth 
term is the present worth of the second term, £50. Hence^ 
in any question whe]:e the present worth of a sum is re- 
quired, the third term is £100; the first term is the amount 
of £100 at interest for the given time; and the middle term 
is the sum due. 

150. If the discount, and not the present worth, be re- 
quired, we must place in the third term the discount of 
£105, viz. £5. But since the discount in the third term 
would generally require to be reduced to the lowest denomi- 
nation expressed, and the work be thereby rendered heavy ; 
it is therefore generally better to find the present worth, and 
then obtain the discount by subtracting the present worth 
from the bill due. 

151. The most common form in which discount occurs 
is in the use of what are called BUUf which are stamped 
papers, bearing a written engagement to pay a sum of money 
at a certain future time. If such a bill be presented to a 
banker before it is due, i,e, before the time fixed for pay- 
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menty and the persons who are responsible for this bill are 
considered able to meet it at the proper time, the banker 
will give ready money for it, retaining, however, the diaoourU 
upon the sum, as his remuneration for the accommodation. 

In practice, to was said, it is usual to charge interest^ 
and not discount : therefore the banker gains by the trans- 
action, and the amount of this gain will be found to be the 
interest upon the true discoimt. For if we refer to the Ex. 
in (149) we shall see that in discoimting a bill of £50 due in 
twelve months, the banker woidd deduct £2 lOa.y i, e. the 
interest on £50; whereas he ought to have deducted only 
£2 7^. 7fc?.; which is the interest upon £47 128, 4f(f.; there- 
fore the extra sum which he takes is the interest upon 
£2 78. 7f«?., or the interest upon the true discount. 

Though discount is not in practice correctly used, yet %, 
pupil in working Ezs. should alwa3rs employ the true method. 

The bills mentioned above are said to be drawn upon 
the person or persons who agree to pay the money, and 
those who allow any such bill to be drawn on them are said 
to (iec^t it : hence they are called acceptors, and the bill 
itself is called an acceptanca These acceptances are gene- 
rally for any ntmiber of calendar months : but in this 
country thi*ee days, called Day8 of Orace, are allowed after 
the bill is nominally due^ before it is legally due ; so that a 
bill drawn on March 30th, at three months, would not be 
legally due till July 3rd.* 

Ex. II. What does a banker gain by disconntuig a bill of £403 it., 
drawn Oct. 13, at four months, and discounted, Deo. 5, at 4 per cent. ? 

Here the bill is legally due on Feb. 16 ; and from Dec. 6 to Feb. 16 
are 73 days : 

* A fonn of aoceptuice is given nnder the Art Booh-keevin^ 
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£ t, d. 
The iniereet for that time... « 8 4 6^ 

And the true disoonnt a 8 4 



Therefore the banker^s gain » ^^s^- 

Exs. 52. 

Find the Bisconnt on Und the present worth of 

£ i. d. mmtht £ £ t. d. months £ 

1. 100 for 6 at 5 per ct. 5. 1000 due in 12 at 5 per ct 

2. 128 18 6 „ 8 „ 4 „ 6. 875 10 „ 8 „ 4^ „ 

3. 157 10 „ 9 „ 6 „ 7. 119 6 „ 6 „ Zi ,, 

4. 1128 17 6 „ 7 „ Si „ 8. 425 15 6 „ 2Jy. „ 3 „ 

9. Find the difference between the interest and disooont of £525 fbr 
1 J yrs. at 5 per cent. 

What would a banker gain by discounting the following bills f— 

Drawn Disamnt&i 

10. £325 St. 4(2. March 15 at 4 months, April 6th, at 4 per cent. 

11. £90 78. 6d. Sept' 1 „ 9 „ Jan. 15th, „ 5 „ 

12. What is the present worth of £500, one-half of wliich is dae in 
4 months, and the remainder in 6 months, discount at 5| p. c. per ann. 1 

152. A very important application of Discount occurs in 
those brandies of business, where it is the custom to take 
off 20, 30, &C., per cent, discount from the gross or invoice 
price of goods. And great errors may sometimes be made 
by tradesmen who do not know how much to add to the net 
value of an article, in order that they may, without loss^ 
make the deduction agreed upon. 

For instance, suppose a tradesman has an article of 
which the net price should be 50^., and it is usual to allow 
20 per cent, discount, or deduct one-fifth from the invoice 
price. K he, thinking to allow for this discount, puts on ^th 
of the 50*., and thus makes a gross price of 60*. ; then, when 
he takes off 20 per cent or ^th, he will find his net price to 
be 48^., thereby losing 28. But if, instead of putting on ^th 
he had put on ^th, he could then take off the required ^th 
and be no loser. 
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«. d. 



ThuB, ' Net price required = 50 

Add Jth of 50t. ; = 12 6 

Gross price s 62 6 

Subtract ^th of 62». 6d, .... = 12 6 

Net price as before = 50 

• 

The gen^^al rule will be found as follows : Let tiie dk- 

count agreed upon be represented as a fractional part of 

£100: Thus, for 5, 10, 20, 30, 35, dK^ per cent, the 

fractions would be 

6 10 20 80 35 . 
' 100' 100' 100' 100' 100'*^ 

or, in their lowest terms, 

1118 7. -^. 

20' 10' 6' 10' 20' *^' ^ ' 

These are the fractional parts of tiie gross price to be c2^ 

dueted from it : and the corresponding frac^ parts that must 

be first addedio the net price will be 

1 1 1 8 7 . 

20-1' 10-1' 6^' 10-3' 20-7' 

1118 7 ,„. 

^ 19* 9' 4' 7' 13' ^^^ 

where it is to be observed that _ the fhictions in (H) have 

numerators the same as in (G) ; but ihe den" are the former 

den", minus the respective numerators* ' 

* The foUowing demonstration of the above role may be read by those aoqnainted 
witii the elements of Algebra. 

Let ^sgross price; ^=net piloe; also, letarepresent the frad part of ^ to be 
added thereto to reprodnce O, so that N+ xN^ (?; or ^ (1 +a!) s (?. (i) 

Let^represent the ftac^ part of <? to be taken off as discount so as to leave N; so 
that G - ^ Q^N; or G (l - ^) =N; snbsUtuting for N in d), we have 

o(i-^)a+a*=(?;ori+.=-J^=^; 



" n-m n-ffl* n-m' 

i. e. if we wish to take off as discount - » we must put on — — - . 
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For example^ if SO per cent, discount is to be allowed 

upon an article of which the net price should be 21«.y we 

refer to the rows (G) and (H), and learn that if 30 per cent 

or ^ is to be taken ofl^ f must be put on : and we have as 

follow& 

t. 

Not price « 21 

Add fths of 21t. B^ 

OrdM price charged in invoice ..... s SO 
Sabtraot j^ths of 80t. = J» 

Ket price as before = 21 
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153. FfiOFiT AND Loss is another application of Pro- 
portion. It is calculated at so much per cent, or at a certain 
per eentage, and the general object of all Ezs. under this 
head is, to find — (1) What per centage of profit or loss will 
result from selling an article at a certain price : — (2) At 
what price it must be sold, that there may arise a certain 
per centage of profit and loss; the prime cost of the article 
being in both cases known. 

^ 154. It will not he attempted to exhibit an Ex. of every 
kind of question that may arise; but a sufficient number 
will be given to show the principles upon which all the 
questions depend; and the particular method of applying 
the principles of Proportion in each case must be left to the 
judgment of the pupil. 

Ex. I. If an article cost £2 78. Zd,, and be sold for £8 3«. Od,, what 
is tlie gain per cent.? — or. If £2 7<. 3d. become £8 8«. Od,, wliat will 
£100 become ? The statement is 

£2 7«. 3<;. : £100 :: £8 39. 
and the fourth term is £133 6s, Bd. Hence the gahi upon £100 is 
^9^ /fg, 8d, ; or the profit is at the rate of ZZ\ ^er cent. 
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Ex. IL If, b7Bellixigteaat6i;4({.perIb.«agrooerlo8e6peroent., 
what was the prime cost per lb.? 

Now, to lose 6 per cent, is to obtain only £94 for every £100 laid 
out; hence the question is really this — ^If £100 be laid out, and £94 be 
receiyed for it, what is laid out when 6«. id, is reoeiyed t 

Here, since £100 is prime cost, or buying price, and we want buying 
price in the fourth term, we have this statement K 

£94 : 68. id. t: £100 

and the fourth term, or prime cost of lib. is 68. 8|f<l. 

Ex. in. At what price must I sell a commodity purchased at the 
rate of £14 58. per owt. so as to gain 21 per cent. ? 

In this Ex. it is required to receive £121 for £100 laid out : therefore 
£121 is the selling price of that which cost £100; and since the fourth 
term is to be the selling price of 1 cwt., we have 

£100 : £14 5f. :: £121 

and the required price is £17 4«. lO^cE. 

Questions of this kind, wherein we require the price at a certain profit 

per cent., may often be worked more briefly by the method of Praotioe. 

Thus to gain 20 per cent on any sum of money invested is merely to add 

one-fifth of the sum to the previous amount ; and Ex. III. may be worked 

as follows. 

£ f .. d. 
Prime cost 14 5 

Add 20 per cent, or |th 2 17 

Add 1 „ or Jijthof 20p.c. 2 lOj^ 

.% original sum + 21 per cent, profit = £17 4 10^ 

The following Ex. inyolTes the principles of Exs. IL and 
III 

Ex. IV. A person, by disposing of goods for £182, loses at the 
rate of 9 per cent. ; what should have been the selling pricey so as to 
make a profit of 7 per cent. % 

We may work this question by two operations : first, find the prime 
cost, and then from it find that selling price which would give a profit of 
7 per cent. Since to sell at 9 per cent, loss is to receive but £91 for that 
which cost £100, we have this statement: 

£91 : £182 :: £100. 
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and the luiswer is the prime oort £900. Alio, toobb^aproit of 7 per 
cent, is to receive £107 for that which cost £100; therefim^ to find the 
seUing price of that which oo«t £200, w have 

£100 : £200 :: £107 
and the answer is £214, the prke at which the goods dionU be lold to 
make 7 per cent, profit. 

In order to work the question by one statement, we may put it under 
this form^If goods sold for £182 bring £91 for every £100 laid oui^ 
what ought they to be sold for, so as to bring £107 for every £100 ! 

Here we have the £100 laid out the same in both droumstanoes, and 
it win therefore not afiect the question : £107 and £91 may be considered 
as the gaining and losing rates ; also, £182 is the sum received for good% 
and therefore of the same nature with the fourth term; henoe the state- 
ment is 

£91 : £107 :: £182 

and the fourth term, or selling price, is £214, the same that was obtained 
from the former statements. 

Questions under this head may be worked aocordSng to the prindples 
described in the latter parts of (133) and (140). 

Thus, to take a simple case. If a man buys for £4 lOf., and selb for 
£5 15«., how much wiU he gain per cent. ! 

The actual gain is £5 15«.— £4 10«. = £1 Ss. 

•'. £1^ = gain on £4^ = 4^ x gain on £1 

and £ 7-, = S^ ^^ ^^* 

Let A =rate per cent, or gain on £100, 

then £ jt-t = gain on £1 ; 

Exs. 53. 

1. Paid £137 12«. 6(2. for goods, and sold them fbr £151 78. 9d.; 
what was the profit per cent. ! 

2. By selling goods at 8«. 6d, I gain 12 per cent.; what daH I gain 
or lose by selling them at 48, 9(2. ) 

8. I give 8«. 9(2. for goods; at what rats must they be sold to 
• pmSt of SO per cent, f 
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4. BoTigbt cloihlKt 9$, i^d, per Engliflh ell; it is required to find 
the selling price per yard so as to gain 17-} per cent. 

5. Goods were bought for 29. 9d., being 17-|- per cent, below their 
real yalue ; what was that value ? 

6. Sold goods for £3 Idt. 6d,, being 22) per cent, profit ; what was 
the prime cost ? 

7. I sell an article for £22 10«.y and by so doing lose 15 per cent. ; 
what per centage would be lost or gained by selling it at £27 ? 

8. At a selling price of 159. 1 lose 10 per cent. ; what must be the 
price to gain 10 per cent. ? 

9. I buy tobacco at 10 guineas per cwt.; at what price must I retail 
it per lb. so as to gain 12 per cent. ? . 

10. When the price of a certain article is 12«. 6d, there is a gain 
of 25 per cent. ; what would be the loss or gain if the price were 10«. 1 

11. I bought 145 quarters of wheat at 50«. per quarter^ and in 
selling I make a profit of £36 58. ; how much per cent, was the profit? 

12. A merchant sold a pipe of wine for £50, and by so doing lost 
5 per cent. ; at what price must he sell 3 other pipes so that he may gain 
5 per cent, upoh the prime cost of the 4 pipes ? 

13. A person having bought goods for £20, sells half of them so as 
to gain 10 per cent.; for how much must he sell the ifemainder so as to 
gain 20 per cent, upon the whole 

14. I bought 56 gallons of brandy at 22«. 6d. per gallon, but 7 
gallons were lost ; at what price per gallon must I sell the remainder, to 
obtain 15 per cent, profit on the whole outlay I 
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155. Partnebship, or, as it is sometiines called, Fellow- 
ship, is the Bule by which we determine how to divide 
profits, which arise from difiTerent sums of money put into 
a business by two or more persons, either for the same or 
different periods of time. 

Ex. I. Two persons enter into business as partners; one puts in 
£350, and the other £500; they gain £100. H6w is the profit to be 
divided t 
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^ Hgwlheptolit>£100.kiMid>ihiath>whnia«yitri,£8S0;«^ 
putiMi^i whan of tht profii will be m proportion to lus share of the 
CHvtel : thmfora theqnaetioii divideB iteelf into theee two puts:— (1) ^ 
'£850 prodoee a profit of £100, Iww ma^ will £350 prodnoe! (2) If 
£S50 prodoee £100. what will £500 prodnoet 

The etetmiifnti for theee two qiuetioiis will plaiiily be 

£ £ £ 

(1) 850 : 850 :: 100 

(2) 850 : 500 :: 100 

£ t. d. 

and the fourth tenn of (1)= 41 8 6^ 

» (2)= 58 16 5H. 
and theee together = 100 

Ex. n. Afieldof gTaBBi8rentedbjtwoperBon8fi>r£27; the one 
keeps in it 15 oxen for ten days, and the other 21 oxen for seven days : 
find the rent to be paid by each, supposing the pastorage to remain 
equaOy good throughout ! 

Here it ia plain that the keep of 15 oxen fi)r ten days is the same as 
of ten times 15, or 150, oxen for one day: so also, of 21 oxen lor seven 
days is the same as of 7 times 21, or 147, for one day ; therefiire the 
question is plainly this : If one man toni into a field 150 oxen, and 
another 147, for one day, and they together pay £27, how is that 
payment to be divided f 

The whole number turned in would be 297, and the two statements 

would be similar to those in Ex. I., viz. 

297 : 150 :: £27 (1) 
297 : 147 :: £27 (2) 

the fourth term of a)=^^^W^^=^13 12». S^. 



" » 99 (2)- Oji^ 

u 



=1^7x^ ^^^^ y^ ^^ 



and their sum = £27 u 



156. I will give one more Ex« which is the same in 

principle as Exs. I. and 11., but is more complicated in its 

operations. 

Ex. ni. On the Ist of January A brought into a bnnnesB £350, 
and on the 1st of April £500 more: on the 1st of Jun^ he takes out 
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£400 ; three months ifter this he bronglit in £600. JB farougfat into 
the business £500 : four aiontha after this he takes out £150 ; and on 
the 1st of November he brought in £650. At the end of the x^ar 
their olear gain IB £1008. How mndi ought each to receive T # 

Here A put in £350 from Januaiy Ist to June let, or five months ; 
also, £500 ^m April first to June 1st, or two months : he has now in 
the business £850, but he takes out £400, leaving £450. This £450 is 
in from June Ist to December dlst, or seven months. Also, he has £600 
in from September Ist to December 31st, or four months. Hence he has 
in all 

£ £ 

850 for 5 months, or 1750 for 1 month 
500 „ 2 „ or 1000 „ 1 „ 
450 „ 7 ,, or 8150 „ 1 „ 
600 „ 4 „ or 2400 „ 1 „ 
Therefore he has in all 8800 ,, 1 



ft * i> 



Again, B brought in £500 from January let to May Ist, or four 
months: he now takes away £150, and has in £350 from May 1st to 
December 31st, or eiglit months. Ako, he brings in £650 from Novem- 
ber 1st to December 31st, or two months. Hence he has 

£ £ 

500 for 4 months, or 2000 for 1 month 

350 „ 8 „ or 2800 „ 1 „ 

650 „ 2 „ or 1300 „ 1 „ 

Therefore ^*s capital is 6100 „ 1 „ 

and A*B capital was .8800 „ 1 „ 

therefore the joint capital = 14400 ,,1 „ 

Hence the two statements will be 

£ £ £ 

For it's share 14400 : 8300 :: 1008 
ForjB's „ 14400 : 6100 :: 1008 

and the fourth terms are £581 for A, and £427 for B, 

157. In this place we may introduce an Ex. of the 
following kind. 

Ex. IT. A wine merchant mixes together 20 gallons of wine at 
12s, & gallon, 25 gallons at lis,, and 36 gallons at 16«. : what should be 
the price of a gallon of the mixture! 

a A. *"v 
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Here it ii plain that 20 gaOoiiB ki 12t. aie wdrtiiS4(^ 
also », 25 „ 14& ,, SSOfc 
and „_86. „ 16i. „ C76t, 

and therefore that 81 of the mixtare ,« 116^ 

hence the value of one gallon ia plainly ^th of the value of the whole; 
or, price per gallon = -^r- «. = 1 if. 4}f<l. 

158. The following IJx. shows how to divide a given 
quantity into parts wMch shall have to each other given 
ratios. It is upon the same principle as the previous Exs.^ 
though not commonly recognized sA such. 

Ex. V. Divide 1065 into parts which shall be to each other in the 
ratio of 3, 5, 7 ; and also into parts which shall be in the ratio of \, i, f . 

Taking the former part of the Ex., we observe that 3+5 + 7=^15 is 
the smallest integer which can be divided in the ratio of 3, 5, 7 ; hence 
the required portions of 1065 will bear the same ratio to 1065 that 8, 5, 7 
do respectively to 15« The first portion is obtained by the statement 

15 : 3 :: 1066; 

and the fourth term = 213. Also, if 5 and 7 be successively placed in the 
second term of the above statement, we shall find the remaining portions 
to be 355, and 497. 

Similarly, in the latter part of the Ex., we see that » + ^ + ^ » or 

S 5 7 

— — = =rr= is a fraction which can be broken up into the fractions 

105 lOo *^ 

- , , and ^ ; hence the required portions of 1066 will bear the same 

ratio to the entire number 1065- that K) v* and ^-, respectively bear to 

71 
their sum --- ; we have, therefore, as the statement for obtaining the 

first portion 

71 1 ,^^^ 

105 '' 3 '-'' ^^^^' 
6 

^^ 

and the fourth term=--Hr^ x - x -—-=626. So also the second and 

1 ^ k\ 
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third BtatementB wfll be 

IL. . £ .. 1065 • 
106 • 5 •* ' 

71 1 

and^ : y ;: 1066; 

aod the corresponding fourth tenus will be found to be 815 and 225. 

EX8. 54. 

1. Two persons inyest in business £800 and £260 respectively ; they 
gain £160 : how is it to be divided? 

2. il and ^ as partners lost £600 ; if A*8 capital were £4000, and 
^'s £2100, how much of the loss must each bear ? 

8. A, B, and O were partners : A put in £1000 for 2 yrs., B £760 
for 16 months, and £1600 for 9 months; divide equitably a profit of 
£1000. 

4. A, B, and O rent a field for £10 ; il put in 20 horses, B 16 oxen, 
and C7 10 sheep ; how should the ezpence be divided, if the eating of a 
horse, ox, and sheep be in the ratio of 8, 2, and 1 ? 

6. A puts into a concern £600, and 6 months after puts in £800 
more; B puts in £1000, and 8 months after puts in £1000 more ; they 
trade for 2 yrs., and gain £660 : what is the share of each ? 

6. Divide £20 amongst 8 persons, so that their shares shall be in 
the ratio of 8, 4, and 6. 

7. Distribute £706 in the ratio of |, i, and -^ 

8. A mixture is made of 51bs. of tea at Bs, 4(2., lOlbs. at 4«. 2d,, and 
161hs. at 68, : what should be the price per lb. of the mixture ? 

9. A wine merchant mixes together 20 gallons at 12«., 80 gallons at 
16«., 40 gallons at 20f., and 10 gallons of water; what must be the retail 
price so as to gain 10 per cent, profit ? 

10. A testator bequeaths £1000 to one person, £600 to a second, 
and £800 to a tiiird ; but his property is found to realize only £1260 : 
how much should each receive ? 

Ez8. 55. I. 

1. If 876 quarters are grown on 76 acres of land, how m^ch land 
will be required to grow a peck? 

2. Ten persons joined to buy three lottery tickets for £10, £26, and 
£40 : the second gains a prize of £1000, how much does each man gain? 

8. How many times does a dock tick in the month of January, if 
it ticks 16 times in 2 minutes ? 



i 
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4. A luge bin containa 15 oabu ft. 267 cab. in.; nd out of it S 
smaller bins are filled, each oontaining 4 cob. ft. and 375 cab. in. ; bow 
much will be left in the bin ! 

5. Oat of a square plate of metal 15{ feet long, bow many circolar 
pieces can be cuty 2^ inches in diameter ! 

6. What is the smallest sum that a man mast hare in bis pocket 
that he may be able to pay it away entirely either in moidoresy goineas, 
markfl^ or 7 shilling pieces ? 

7. Assuming the method of multiplying and dividing fractions by 
whole numbers, shew that i-^T=U* 

8. If 9 slabs, 12 in. long, and 12 indies broad, will cover a eeriain 
surfjAce, how many slabs ?nll be needed if they be 18 in. long^ and 8 in. 
broad? 

9. find the cost of 87251bs. at It. 10|c{. 

10. "What cost 25oz. Sdwts. llgrs. at £3 17«. lOJd. per ox. ? 

11. If a tradesman gain Is, 6d. on an article which he aelhi lor 
5f. 9d., what is the profit per cent, on the prime cost! 

12. Of two pieces of cloth, one is 42 in. wide, and costs If. 6d» per 
yd. ; the other is 56 in. wide, and costs 2«. 4d. per yd. ; what is the tatio 
of the qualities of the pieces, supposing the prices to be exactly propor- 
tionate to their real value 1 

13. Silver coinage has 37 parts pure silver, and 3 parts of copper; 
lib. Troy makes 66«. ; what quantity of pure silver is there in 20s, ? 

14. Reduce 8 cwt. 3-^qrs. 1^ stones to the decimal of 15 tons. 

15. What decimal of a square furlong la 1 perch ! 

16. If the net price of an article be found by taking off ^^ths of the 
gross price, what must be added to the net price to make the invoice 
price? 

17. If I am required to throw off y^th, -^ths, iVths, from the 
invoice price of three parcels of goods, what must be the fractional parts 
to be added to the required net prices ? 

E. 

1. How many strokes will a clock strike in the month of May ? 

2. Find the value of 4424 articles at 15«. 10^. each. 

3. A block of stone 7 ft. long, 2^ ft. broad, and 15 in. thick, weighs 
3^ tons ; what must be the length of a block of the same kind, whereof 
the breadth is 3^ ft., the thickness 10 inches, and weight 6500 lbs. ! 

4. What is the cost of 59 tons, 15 cwt., 3 qrs., 18 lbs., at £26 18». 9d, 
per ton ? 
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5. A peraon buys 68 yards of doth for £71Sj and retails it at £1 18«. 
per Engiish ell ; what does he gain by the transaction ? 

6. What may a person spend per day out of an income of £1000 a 
year, if he lay by 20 guineas every calendar month t 

7. Explain the reason -of stating a Bale of Three sum; and shew 
why the answer results in the same name as the third term. 

8. A tax of 3<2. in the pound on a certain assessment produocf 
£1080 ; how mucb. will be produced by a tax of 7<I. on an assessment of 
double the value ? 

9. What is the value isf (i+ f— ^) of £860 ! 

10. Explain the nature and advantages of Decimal Fractions^ com- 
pared with Vulgar Fra^onift. 

11. What fraction of a square mile are 2-| perches \ 

12. I have to distribute, 150 yds. to 10 men and 10 women, so Hiat 
the men and women may have shares in the ratio of 2 ; 3 ; how. much 
will each have? 

13. A boat is propelled by 8 oars, which take 10 strokes per 
minute; and it goes 9 miles an hour; find the rate of a boat propelled 
by 6 oars which take 8 strokes per minute, when 5 of its strokes ar^ 
equal to 6 of the former. 

14. Find the exact value of 

•875 of 6*. 8£?.--941875 of 4». + 1-9898S of 2». 

15. Simplify the following expression : 

2 3x2» 5xii«^7x27* 

16. If I throw off 17 per cent, from my invoice price, what frac- 
tional part of my net price must I put on ? 

1. The quotient is 8276, the divisor £2 7«. ^d , remainder 6d. ; find 
the dividend. 

2. On the 1st of March I borrow £10, to be repaid in a calendar 
month, and in return lend £15 on the 1st of April; when should it be 
repaid t '■ 

8. The girth of a tree at the surface of the ground is 6 feet, find the 
girths at 10 feet and 20 feet, if the height of the tree be 50 feet, and it 
tapers regularly. 

4. Find the cost of 13^ oz. at £8 78, 6d. per oz. 

5. At what distance from the end of a slab of 17 in. breadth must I 
cut, so as to have a rectangular pieces containing half 9» wa^x^ ^«x&\ 
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9. An ftiithor paji 2f. 6d, tat Hbe priotiiig &e. d m book : oilrf 
tlie publishing prioo 10 per oeni. is allowed for a d te iUMii g^ 10 per eaii 
for publisber^B oomminionf 25 p. o. to the retail txade^ 4 pu 6 ftr 
damaged copies, and 5 p. c. loss of interest ; what mart bo tlio pabfirit' 
ing price, so tbat he may neither gain nor lose t 

7« In the last question^ what would he gain €b 2000 €opifl% at a 
•eUing price of fit. 6d. ! 

8. If 66 current shillings be worth £2ff in gold, how maBjcmnnk 
shilUngs are worth £65 in gold? 

9. Two numbers are to one another as 8 : 11 ; and tike |;hoIm obb 
is 77; find the less. 

10. Ilnd the whole cost of a house;, of which tfie rent is ^£27 ; lbs 
poor rate Si. id, in the pound ; gas rate two-thirds of the poor rate; and 
th6 paving rate threo-fifths of the gas rate. 

11. Beduce to a vulgar fraction 

2-3 ^ 18'6§ 1-21 
17 lOS ^ 4-9' 

12. Erpress the ratio of £Z'i to 4-l£ guhieas in the — »JU^ 
integers. 

18. A piece of work employs 15 men for 6 days, when the daj is 
12 hours long> and costs £1S|; what will be the cost of a piece employ 
ing 25 men for 9 days of 10 hours each, the pay of fhe new w uikm en 
being 1|^ times that of the old ? 

14. A tank is filled by 3 pipes in 2, 8f, and 7^ hours respectivd^; 
in what time would they all fill it ? 

15. A discount of A^ ^ agreed upon ; what musii be the ratio 
between the net and g^ross prices, so that I may be able to make the 
deduction? 

16. I add ^ths to the net price of an article ; what per centage of 
discount was agreed upon ? 
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159. The government of a country sometames finds it 
necessary to borrow money ; and it gives to the lender a bond 
acknowledging the debt, and agreeing to pay a certain imte 
of interest for the money. The amount owing to those who 
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hold these bonds is called the National Debt, or The Funds /- 
and the interest paid is derived from the income of the 
oountiy, arising principally from taxation. 

The aboTe-mentioned bonds are saleable, and are called 
Stock ; and they of course vary in yalue, principally according 
to the plentiftilness or scarcity of money. 

Thus, suppose a person lend £100 to govemmen^ and 
receive an acknowledgment for it, with an agreement to pay 
£^ a year interest for the loan ; then, if at any time he wishes 
to sell the bcxid, and money is scarcer than when he lent the 
£100, he will get less for it than he gave, perhaps £95; and 
if money be more plentifiil, he will get more for it, perhapa 
£105. But stiU the bond represents an acknowledgment for 
£100, and £3 interest is paid to the holder of it^ whatever 
may be the sum which he has paid for it. When, therefore, 
we say that 3 per cent, stock is selling at 80, we mean that 
the buyer of £100 bond, or, as it is called, £100 stock, has 
to give only £80 sterling for it ; hence, as he gets £3 interest 
for ity it is not £3 per cent, to him, but £3 for £80. From 
this it is plain that the lower the stock is in price, the better 
interest the buyer obtains ; and the higher the stock is, the 
less interest he obtains for his money. 

When the market price of £100 stock is exactly £100, 
the stock is said to be at pcur ; if the price be more than £100, 
it is said to be at a premmm; if below £100, at a discount. 
The smallest variation in the price of stock is one-eighth of 
£1, or 2s, Sd,, for every £100 stock. 

160. Since persons who wish to sell stock may not know 
any who wish to buy, therefore all sales and purchases are 
transacted . through agentSi who are called Stock-brokers. 
The broker of the buyer deals with the broker of the seller, 
and each charges his employer, or principal^ as he i& <:aikji^^ 
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commisBioii of |th of jCllbr the tmiafer of every X 1 00 stodL ; 
so that a bnjer must always oonsider that lie jMiyB Jtih pa 
cent, more, and the seller that he leceiYes }th per cent, lea 
than the selling price ; but if in any Ex. the ocmimiaBioai be 
not m^itioned, no notice need be taken of it. 

161. In working the YarionB questionB that occur in 
Stocks, a pupil must be careful not to oonfound stock and 
actual money Also, in buying or selling stod^ it is quite 
immaterial whether it be 3 per cent, 4 jier coit, or any otber 
kind of stock, unless we wish to know the income to be 
derived : for instance^ if I have to sell out j£100 stocky when 
the price is 95, it matters not whether it be in the B, 4, or 6 
per cents. : I have to receive £95 for every £100. 

Ex. 1. What must be given for £5050 Btook in the Thvee per 
Cents., at 85{ per cent, f 

Here the price of £100 stock is 85{; and I have to find the price of 
£5050 stock : hence the statement will be 

£100 : £5050 :: £85{. 

MaltiplyiDg by 85f, after the method of (84, Ex. I^.), and then 
dividing by 100, we have the annexed operation, in which we find the 
cost of £5050 stock at 85} =£4311 St. 9d. 



5050 




85} 




25250 




40400 




1262 


10 


631 


5 



f, orj, of £5050= 
i of £5050 

1,00; 4311,43 15 
20 

8,75 
12 

9,00 

Next, let us find what amount of stock any given sum 
will buy, when the price of JBIGO stock is known. 

Ex. II How much stock can be bought for £1490, the price bcifig 
88|, and commission \ per cent.1 
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Adding the coimniHdon to the nuurket price, we have the cost to the 
buyer 8&|, or 88^. The term sought is amount of stock ; and la the 
proposed question £100 is the stock to be bought by £88^ : we have 
therefore 

£88i : £1490 :: £100 

and the fourth term, or amount of stock bought by £1490 is £1683 
12». 3^ 

Ex. m. If a person invest £2000 in the Three per Cents, when 
they are at 95^, what is his annual income therefrom t 

In this case the buyer gives £95^ for £100 stock, t. e. for the privilege 
of receiving £3 interest : hence the question is, — If £95^ produce £3 
interest, what will £2000 produce t Our statement is 

£95^ : £2000 :: £3 

and the fourth term, or interest of £2000, will be found to be £62 16«. 

Ex. IV. Find what per oentage will be obtiuned by investing in the 
Three and a half per Cents, at 91 : or, in other words,--- If £91 give £3|, 
what will £100 produce ? The statement is 

£91 : £100 :: £8| 

and the fourth term = ?i^5?£=:| x MS£=£3ij. 

18 
Also, transferring the 100 from the left-hand numerator to the right- 
hand denominator, I liave 

91 100 • 

Observing this equation, I notice that the right-hand side gives the 
ratio of the interest of £100 to £100; and the left-hand side gives the 
ratio of the interest on £100 atoch to the price of that stock. Now, in 
finding the per centage which any interest produces, we wish to know 
what is the ratio of the interest on £100 to £100; and since the right- 
hand fraction gives this ratio, therefore the former fraction also gives it: 
hence this fraction gives a standard, by which we can compare the value 
of the per centage derived from any two investments in different kinds of 
stock. Thus, if I wish to know whether it will be more advantageous 
to invest in the Four per Cents, at 95, or in the Three per Cents, at 85, 

I must compare the fractions -^rz and ^p • 

1—^ 
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. 4x86—8x95 840—285 __ 
By (46), the diflference la ^^^^^ — = 95x85 " ^^^ "^ 

A 9 

340 > 285, therefore ^ >^ ; or an inyestment in the Four per Centi. 

at 95 will prt>duce better interest than in Three per Centi. at 85. 
If we wish to know how much better interest is obtained in the qm 

case than in the other, we must obserre that these firaotiona ^ and rz 

express the respective portions of £100 which the two inTeatmeints gifa 

as interest per cent. : 

3^Q 285 

hence, the difference of the per centage obtamed = - ^ of £100 



11 90 



11 » 
l|xi«)Q ^ 220 ^ 



1G2. We will now give an Ex. combining two or moan 
of tho operations exhibited in the previoos Exs. 

Ex. V. A person transfers £1000 stock from the Four per Cents, 
at 90 to the Three per Cents, at 72 ; find how much of the latter stock 
he will hold, and the alteration made in his annual income. 

The first part of the question may be thus expressed : '' If a certain 
sum of money will buy £1000 stock at 90, how much can be bought 
when the stock ir at 72? " The statement will be 

£72 : £90 :: £1000 

125 10 

To find the income derived from the £1000 stock and from the £1250 
stock, two simple statements might be employed : but where, as in this 
case, the stock consists of £100 Ehares, we can work more briefly thus: — 
£1000 stock =10 cents. ; and since each cent, produces £4, the whole 10 
produce £40. Also, £1250 stock =12^ cents. ; and since each cent, of 

this stock produces £3, the whole produce 12|x3£= — x3£=-^£ 

=£37 10«. ; hence the difference of the incomes from the two investmtnts 
=£40-£37 10#. = £2 10». 
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Ezs. 56. 

1. What must be given for £2000 Stock when the funds are at 85 1 

2. When 3^ per cent. Stock is at 93^, what sum will buy £1250/ 
allowing -I per cent, for brokerage? 

3. How much Stock can be bought for £1176 10«. when the funds 
jure at £90-|, and broker^s charge 28. 6(2. per cent. 1 

4. What sum must be invested in 8 per cent. Stock at 94^, to yield 
an annual income of £500? 

5. If a person invest in the 3 per cents, at 93, at what rate per cent, 
will he receive interest for his money? 

6. A person lays out £1000 in 8^ per cent. Stock, when the funds 
are at 92f ; what income does he derive from it? . ^ 

7. A sum of £999 19«. ll^c?. in the 3^ per cents, produces £44 0«. 6d,; 
what was the price of the Stock when the money was invested? 

8. In what Stock must I purchase, so that I may derive an income 
of £75 from the investment of £1875 at par ? 

9. A capitalist invests for a short period £100,000 in 3 per cents, at 
87^ : when he sells out, they have risen 2 per cent.; what does he gain, 
reckoning I per cent, for brokerage, both in buying and selling? 

10. . What must be the price of a railway share, paying a 5 per cent, 
dividend, and of which the nominal value is £100, so that a purchaser 
may receive 7 per cent, for the money invested ? 

11. A railway share, originally costing £100, has paid a dividend of 
8 per cent. : what must I give for such a share, so as to receive 4^ per 
cent, for my money? 

12. Bailway shares which were purchased at a discount of lOf per 
cent., and sold at a premium of £31|^, realised a profit of £357 28, 10f(2. : 
how much was invested ? 

13. A person having an annual income which arises from £450 Stock 
invested in the 8 per cents., exchanges it for an annual income arising 
from £315 Stock in the 4 per cents. : what is his annual gain or loss by 
the exchange? 

14. What is the interest for 5f yra. of £293 invested in the 3 per 
cents., when they were at 87-| ? 

15. A person sells out of the 8} per cents^ at 93^, and realizes 
£18700 : if he invest one-fifth of the produce in the 4 per cents, at 96, and 
the remainder in the 8 per cents at 90, find the alteration in his income* 

, 16. Which is the better investment, to buy in the 3 per cents, at 85, 
Or the 4 per cents, at 102; and by how much? 
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17. Find the difference of income arinng firom two inTBBtmaiiti cf 
£5000 : (1) in eharee at 131^, paying a 6 per cent dividend; (2) in Buk 
Stock at 194j, paying an 8 per cent, dividend. 

18. A person wiflhee to bequeath an annoify of £100 a year; wkt 
ram most he devote to the purchase of 3} per cent. Sto^ at 97» so tint 
the annuitant may reccuve the £100 free of 8 per cent, income tax! 



EQUATION OF PAYMENTS. 

1G3. If a person owe another several soma to be paid at 
different times, and it is required to know at what time it 
would be just to pay the whole at one payment, this would 
bo a question to be solved by a Eule called Equation of 
Pa3rment8. 

To ascertain the method of finding this time of payment^ 
caUed the equated time, let us take a simple Example. 

Ex. I. If £100 be due at the end of six months, and £200 at the 
end of twelve months; find when it is just to pay the whole in one sum. 

It is quite clear that the time of payment will be at some period 
l)ctwcen tbo two fixed times, six months and twelve months ; henoe the 
formor sum, £100, will be paid after it is due, and the latter sum, £200, 
before it is due. 

Now, a person keeping the £100 beyond the appointed time ought, of 
course, if that were the only money to be paid, to pay interest for it ; but, 
instead of paying interest, he is to make up for the privilege for keeping 
the £100 by paying the £200 before it is due; it is hence quite clear that 
ho must pay this £200 such a time before it is due, that the interest of 
the £200 for that time shall just balance the interest he might obtain by 
keeping the £100 after it was duo. The question then really is-— How 
soon will the interest npon £200 produce the same as the interest upon 
£1 00 1 Tlie answer evidently is, in half the time ; i.e. the time of paying 
the £200 must be earlier than its original time of twelve montlia, by 
half as much as the time of paying the £100 is later than its original time 
of six months ; therefore, if the payer keep the £100 fowr months beyond 



I 
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the six months, and pay the £200 two months sooner than the twelve 
months, the interest gained in the one case and lost in the other will be 
just balanced; and the whole sum will have to be paid in 10 months. 

164. Patting the question in another form, yre may 
consider that when the sums were to be paid at different 
times, the payer had the ^100 in his hands six months, i. e, 
he haa the interest of ^100 for six months, or of ^600 for 
one month: also, he had the interest of £200 for twelve 
months, or of £2400 for one month ; therefore he had in all 
the interest of £2400 + £600, or of £3000, for one month. If, 
then, the debtor has to pay the £300 in one sum, how long 
ought he to keep it^ so that its interest shall equal the 
interest of £3000 for one month 1 The answer to this ques- 
tion will be obtained from the following statement : 

£300 : £3000 :: 1 month; 
and the fourth term will be ten months, the same result as 
before. 

165. The truth of the above method has been disputed 
by arithmeticians upon this ground. Keferring to the above 
Ex., it is said, that since the £100 is paid after it is due, the 
payer should pay the interest for the time that it is kept 
back ; but since the £200 is paid before it is due, diacourU 
only should be allowed thereon : and since the discount is 
less than the interest, it is said that the payer, by the above 
method, receives as much more than his due as the interest 
of £200 exceeds the discount ; hence, to make the payment 
perfectly correct according to this view, we ought to place 
the payment earlier than ten months. But since we have 
shown, by the working of the Ex. given above, that the 
interest gained in one case 'and lost in the other is equal, we 
shall, by placing the time for payment of the £300 earlier, 
rob the payer in two ways— 1st, by depriving him of the 
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interest of the £100 during the latter part of the four niontlu 
that he ought to be allowed to hold it : and 2ndl7^ by making 
him put the £200 into the hands of his creditor for a longer 
time than two months. 

The fallacy of the reasoning which would place discount 
instead of interest in the question may be shown thus. It b 
here assumed that discount, not interest, is applicable to all 
cases where money is to be paid before it is due. Now, this 
is quite true where only one payment is to be made ; for in 
that case we have laid it down, that the debtor is to pay such 
a sum as put out to interest shall just amount to the sum 
due : therefore, in all cases of discount the debtor pays less 
than he owes. But this is not the case in Equation of Pay- 
ments : for here the creditor receives the whole of the latter 
portion of the debt, say £200, though it be before U is dtie, 
and he can put the wliole out to interest, which he cannot, in 
real questions of discount ; and the question now is, — ^not 
how much must be put out to interest to raise £200, — but 
how long must the whole £200 be put out, to raise an amount 
of interesit equal to that which the creditor has lost, by allow- 
ing the first payment, say £100, to remain in the debtor's 
hands beyond its time. The question considered in this view 
has been satisfactorily answered in the Ex. worked above. 

It should however be added that, strictly speaking, simple 
interest is almost a fiction ; for the moment any sum of money 
is payable as interest, it matters not whether it be called 
principal or interest, it is the property of the lender ; and if 
this be retained by the borrower, it ought, in justice to the 
lender, to be added to the principal, and be charged with 
interest afterwards*. 
-» 

* See Art Rebate in the *'Penny Qydopssdia." 
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Ex. n. A person owes £800; £200 to be paid in three monthi^ 
£100 in four months, £300 in 5 months, and £200 in six months : if the 
whole were to be paid at onoe, what would the time of payment be! 

Here, by the agreement, the debtor has the interest of 

£ £ 

. 200 for 8 months, or .600 for 1 month 

also of 100 „ 4 „ or 400 „ 1 „ 



also of 300 „ 5 „ or 1500 „ 1 



lastly, of 200^ „ 6 „ or 1200 
8ou 3700 



therefore he has altogether the interest of £3700 for one month ; and the 
whole stun to be paid is £800 : hence, we have to find in how many 
months £800 will produce as much interest as £3700 in one month. The 
result is obtained from the following statement : 

£800 : £3700 :: 1 month; 

8700 
and the fourth teim=-^r^ x 1 month = 4f months. 

In the statements which are used in Ess. I. and II. we 
observe that the third term is oiie month ; hence, since this 
will in every Ex. be the third term, we shall merely have to 
divide the second term by the first, in order to obtain the 
fourth term : also, the first term is the whole amount due ; 
and the second, is the amount of all the several sums, when 
each one is multiplied by its time of payment. Hence the 
equated time is found by the following Bule : 

Multiply each sum into its specified time, and divide the 
total of the products so found by the whole amount to be 
paid. 

Ezs. 57. 

1. Find the equated tune of payment of £160, whereof £100 is due 
in 3 months, and £60 in 8 months. 

2. I owe £100 in 2 yrs., £230 m 2^ yrs., and £280 in 3 yrs. hence : 
when must I pay the whole in one sum, so as neither to gain or lose ? 

3. Of *a de1>t, •)■ is due in 4 months, -^ in 6 months, \ in 8 months, 
and the remainder in 12 months ; find the equated time of payment. 

4. Find the equated time of paying £200, which is due in monthly 
instahnent8of£20* 
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EXCHANGE. 

IGG. Exchange, in its simplest meaning, is merely the 
coiivendon of any sum of money from the coinage of one 
coimtry to that of another. To perform this conversion, we 
must of course know for how much a certain coin of one 
country can be exchanged in coins of another : for instance^ 
if I wish to exchange a sum of English money for French, I 
must know how many of the current coins of France, tiz. 
francs, will be giren me for £\ of English money. This rate 
of Exchange between two countries is called the CcwrBe of 
ExclMnge, but it is not always the same; and we shall 
presently show the cause of the variation. 

Es. I. Exchange £850 sterling for francs at 25 francs 15 centimes, 
or cents ; or, in other words, — If £1 sterling can be exchanged for 25 
francs 15 cents, what number of francs can be obtained for £850 } To 
obtain this number I have the following statement: 

£1 : £850 :: 25 francs 15 cents. 

Also, since 100 cents make one franc, therefore cents may be expressed 
as decimal parts of a franc ; t. e, 25 francs 15 cents =25*15 francs ; 

hence, the fourth term= — — - x 25*15 franca 

= 21377*5 francs ' 

or, 21377 francs 50 centimes. " 

Ex. II. How many'pounds sterling can be obtained for 8457 marks 
15^ schillings, Hamburgh, at the rate of 13 marks 12 schillings for £1 
sterling f The statement is 

13 marks. 12 soh. ; 8457 mks. 15^sch. :: £\. 

By TaUea of Hamburgh Couiage, we find that 16 schillings = 1 mark : 
henoe, reduoing the first and seoond terms of the above statement to half 
•ohiUiiigi^ we obtaiii by the usual prooess the fourth term =£615 2ff. 6cl.. 
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167. The method of these two Exs. will enable us t(> 
con vert anj sums from the currency of one country to that 
of another^ when the oourse of exchange between the two 
countries is known. But we must also be able to perform 
this conversion between two foreign countriea 

Ex. in. Change 19S2 florins at Amsterdam for dncats at Naples, 
the course of Exchange bong 80^ florins for 40 ducats. The statement is 

80) florins : 1932 florins :: 40 ducats; 

and the fourth term will be found to be 960 ducats. 

In the following Ex. the process is not so simple : 

Ex. rV. Exchange 1000 American dollars for sterling money when 
Eog. money bears a premium ef 10 p. c. in America. 

Here, £110 worth of dollars in America would produce on}y £100 of 

English money— hence 1000 dollars must be reduced in the ratio of 110 

to 100. Thus, 

**»• 10000 
110 : 100 :: 1000 : tl^dols. 

or 909^ dols. 
We have now to convert 909^ dols., each ii, 6d,, into pounds sterling. 
The required number of pounds sterL'ng 



10000 



4i8h._9000_ 



11 20sh. 44 

or £204 10«. lOlid. 

If I had wished to change Eng. money for American, I should have 
increased the number of English pounds in the ratio of 100 to 110. 

We now proceed to explain a further and more compre^ 
hensive meaning of the term Exchange. 

In commercial transactions between different countries it 
is not usual to pay for goods imported, in coin, or as it is 
sometimes called, in specie or hvUion : and for two reasons — 
first, the quantity of foreign goods imported by a coimtry 
like England is so great, that if paid for in coin, the payment 
would speedily drain all the coin out of the country, and 
business could not be carried on. Secondly, there would b^ 
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the probable loss of the com by wreck or otherwiae in the 
transmisBion ; besides that there would arise a Iobb of intern 
on the money while it was being sent to its destination. 

We shall now show how these difficulties may be aToide^ 
when we are dealing with countries which send goods as wdl 
as recelTe them, t. e. which export as well as imporL 

168. The foUowing is a aimple Ex. of the manner of 
conducting these transactiona. 

Suppose A and B to represent two merchants in AmerioSi 
and C and Z> two others in England : let C buy of ^ a thou- 
sand pounds w(H:th of goods^ and therefoie 
owe him £1000 ; so^ also, let B owe J) 
£1000 by a similar purchase ; then if thae 
sums be paid in coin, £1000 must cross the 
Atlantic twice. But^ since C has to pay 
£1000 to J, he would as readily pay it to i> in England, if 
by such payment he could get rid of his liability to ^ : so 
also B would pay A, if he could be rid of his debt to J). 
This simple transaction might, therefore, be completed thus : 
Let G send to ^ a bill acknowledging the debt of £1000, 
and promising to pay £1000 to any one in England who may 
present the bill to him at the expiration of a certain time : 
A then sells to B this bill, and receiving £1000 for it, has no 
longer any claim upon C, B now sends this bill to D, and 
D uses it as a bill for £1000, until the expiration of the time 
named on the bill, when the money is paid by 0. Thus 
these four merchants have been able to have commercial 
dealings to the amount of £1000 each, without any coin 
having left either country. 

Of course the value of this bill for £1000 depends entirely 
upon the ability of (7 to meet it, that is, to pay the money at 
tiie ezDiration of the time agreed upon in the bill : and we 
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often find that (7, yBo "was considered able to pay at the 
time he gave the billy has become a bankrupt before the time 
of pa3rment ; hence the loss &lls on Z>. And this explains 
the reason why, in a commercial country like England, the 
fiultire of one merchant, or firm, causes others to £ul : for, in 
the case above, D may also be liable for bills as veil as (7; 
and if not able to obtain the money which he expected fix>m 
Cf may himself become a bankrupt ; and so in turn cause 
other merchants the same loss which he is himself suffering 
from the &iilure of (7. 

Now, there are thousands of merchants in the situation 
of A and .0 in America, and similarly of C and D in England. 
Hence there are, as a general rule, mercliants wanting to buy 
bills, and others wanting to sell them, in both countries : and 
what has been said concerning England and America is true 
with respect to any two.Countries which export to and import, 
&om one anothier. 

These purchases and sales of bills are, for the reason men- 
tioned in (160), conducted through the medium of Bill- 
brokers. 

169. We have just now been supposing that the two 
countries have imported and exported goods to an equal 
amount from one another. But suppose that goods had been 
sent from America to. England to a greater amount than from 
England to America, for instance, to the extent of £1,000,000, 
then more bills to that amount would go from England to 
America than from America to England. The merchants in 
America have in this case plenty of bills, and of course want 
money for them : but as there are more persons wishing to 
sell bills than to buy, therefore the bills fetch a lower price : 
on the contrary, as bills in England are not so plentiful, there 
are more buyers than sellers, and the \nU& ^s^Vl ^ Vc^sg^ssc 
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piice than usuaL When this increased price eocoeeda the tm 
of insurance and loss of interest upon coin sent ovarii 
America, the English merchant prefers sending ooin insM 
of paying the increased rate for a bill : and by 8iiooenve| 
exportations of bullion, the balance of £l,OOOyOOO, lAi 
was against us, will be paid off : but this increased pxioe of i{ 
bill, (which swallows up the profits of business,) or the alis- 
native of joying in coin, causes merchants to be slow ii 
importing until our exports have increased and helped to 
restore the balance. Here, also, whatever has been stid 
concerning England and America, is of course equally appli- 
cable to any two countries which have commercial transao* 
tions with each other. In those countries, as South America, 
where gold and silver are amongst their principal productioDis 
bullion is as much a regular article of export^ as woollen or 
cotton goods would be from England. 

170. If the price of a bill in England, entitling the 
holder to receive gold in a foreign country, be less than the 
usual course of exchange, the exchange is said to be in fiivour 
of England, because there is then no need to export gold. 

The following is an example of the quotation of the rate 
of exchange in the public prints. It is taken from the 

Times of JrHy 18, 1860. 

The course of exchange at JSTew York on London for bills at 60 days' 
sight is 109| to lOQJ- p. c. ; which, when compared with the Mint par 
between the two countries [109|^] shows that the exchange is slightly in 
favour of England ; and after making allowance for charges of transport 
and difference of interest, the present rate leaves a small profit on tho 
importation of gold from the United States. 

Dep. The standard rate of exchange between any two 
countries is termed the Far of Eaxhange, or the ArhUraiion 
Price : but, as alluded to in (166), is not always the same as 
the Course of Exchange. Also, a BUI on London means a 
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paper eatitlixig the holder to obtain gold in London, to the 

iminB of the amount mentioned in the UIL 

Arbitration is ealled Simple or Cofnpovnd, according as 

thive are three or more places oonoemed. 

IbcY. BOkonAiiuterdaiii, boiightiiiLoiidoo«il2floriiitl5oaita 
per £ tteaiiiig^ are sold in Puis at 57^ florins for 120 franos: what is the 
late of Exchange between London and Paris t 

Hy object here is to express £1 in terms of fnincs ; henoe I express 
^ in tsnns of florins^ and florins in tenns of francs, and thereby obtain 
the Yalue of £1 in franca. Working fractionally, I have 

£1=12 florins 15 cents =12*15 florinf, 
alio, 57i flor. = 120 francs, 

120 
and therefore £1=12*15 florina=12'15 x p=r francs 

=25 francs 35^ cents. 
The following Ex. involyes three countries^ and therefore 

three equations. 

Sx. VI. A biU upon Hambnigh is bought at 13 marks 10 1 schillings 
Iter £ sterling, then sold at Amsterdam at 85^ florins per 40 marks : if 
the proceeds are then remitted to Paris in French bills at 57^ florins per 
120 francs, what rate of exchange is there between London and Paris ! 

£1=13 m. 10j8ch. = 13^mark8=13|im., 

358 
40 mks. = 35i flor., or 1 mk. = -~ flor., 

120 
57i flor. =120 francs, or 1 flor,= rr^ francs ; 

.•.£l=13«x?axj-|fr«c. 
=25 francs 55 Hii cents.* 



• The process try which a connection is established between the fint and last teimsi 
as for instance, between i>onnd8 sterling and francs, is sometimes tenned the Chain 
jntdfl^becaiasB these cxtremitiet are Joinedi, as it were, by soocessiTe links. And the 
rerattt which we have Jost investl^ted, might have been written down at once, by 
taking as the left-hand side of the equation, the coin whose eqaivalent is de8ired,^and 
for the right-hand side, a fr*^, of which the nnm' consists of the product of all the 
m o ce s s i v e denominations contained in the question,— and the den', of all the remaining 
coins of the same kind as the num', with the exception of the last oc xet^aixAA. cxAax. 
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The subjoined is anotlier example of the mode of reporting 
the exchanges, and is taken from the Timsg of March 23iii 

1648, under the head "Money Market and City Intelligence 
It contains an exaggerated view of the general relnti* 
between the prices of gold at London and Paris, — bt'cji . 
it refers to a time of revolution and panic; but the prict;; 

"The laat quotation of gold at Paris wns about 30 per mille pmniDn, 
' which would give an exchaDge of 25-91. The last quoUtion of abort failb 
on London being 26 "SO, the prioe of gold would appear to be ftbont 2} pa 
cent, higher in London than in PariB." 

Here ■ comparison is instituted between the n^minoi rate 
of £1 for frauca, and the real rate at the particalaJ' timo 
Thus, if 1000 ropreBflut the price cfT gold in Paris when £1 atflriing ii 
worth about 25'lfi francB*, what will he the value of tbia £1 in fnrM 
when 1030 represents the price of gold in Paris ? We havey of OODII^ 
this statement : 

1000 : 1030 :: 25 18 francs, 
the fourth tenn=35-01 franca, 
that ia, £1 will in Paris produce 25*91 francs, But a peraoD in Firit 
wishing to buy a bill on London, entitling him to teceive £1 in gold, 
give 2S'50 francs. The difference, about S francs, ia the auoiut 
by which £1 slerliug in Loodon is dearer than in Paris, 
Also, sinoe 2B'50 franc8 = £l. 



therefore 1 franc = 



Hid thoreibte the extra price of £100=100 K '6 x 






that is, the price of gold In London is 2J per cent, greater than in Pari*; 

bill which wonld entitle a person to receive £100 in gold in '. 
would cost £102J in Paris. 
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■ 

VBAirOB AHD BNOLAm 

The conise of Eidiaiige between Fnnoe and Bni^aiid Is genenUy alxmt S5 fr. SO cents 

for £1 eterllng. lOOoentislfinmc.^ 

1. Exchange £350 for francs^ at 25 fr. 50 cts. per £ sterling. 
£7610*. „ 25-36J „ 

£42616*. 6d. 26-6 „ 

9349*90 francs for pounds, at 25*90 per £ sterling. 
21476-12 „ 26-76 

1876-5 „ 26-6 „ 



2. 


if 


3. 


y> 


4. 


f> 


6. 


>> 


6. 


if 



HAMBUB6H AVD BKOLAND.' 
13 marks 8 BchfflingH g £1 Aigllah. ISscfalUingsslmark. 

7. Exchange £425 for marks, at 13 12 fbr £1. 

8. „ £87510*. „ 13 9i „ 

9. u £87i ,9 18 8 ,, 

m. telu 

10. „ 1000 marks for pounds sterling, at 13 8 for £1. 

11. „ 8764 mks. 15 sch, „ 18 10} „ 

12. ^ „ 3637'46 mks. „ 13 11 „ 

THB UNITED STATES AND BBITISH HOBTH AMEBIOA. 

1 Dollars 48. 6d.; also sterling money generally hears a premium of 9 per cent; i «. 
£100 sterling can be exchanged for as many dollars as will amoont to £109; the 

exact par of exchange is lOOH* 

18. Exchange £100 for dollars when Eng. money has prem. of 8 p. c. 

£426 10*. „ „ 10 „ 

£1260 6*. „ „ 9} „ 

1000 dollars for Eng. money, when the prem. is 8 „ 

8225 „ „ 7J„ 

BAST INDIXB. 1 Bnpee about SSfd . 

£500 for rupees, at 23|€{. per rupee. 
7500 rupees for sterling money, at 24|€{. 



14. 


99 


15. 


if 


16. 


if 


17. 


ft 


18. 


ff 


19. 


if 
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20. Exchange 2420 mpees for fnsicB, the oonne of ezofajuige hm^ 
40 rapees for 94 fnnoa, 

21. Change 1750 marks of Hambnzgh lor Aorinfl at Amsterdaiiiy it 
the rate of 135 mariu for 120 florint. 

22. Exchange 3700 finncs for Hambaigh marka^ at tbe rate of 187{ 
francs for 100 marks. 

ABBITKATIOKS OF EXCHANGE. 

23. If the Exchange between London and Amsterdam be 11} flerioi 
per £ steiiingy and between Amsterdam and Paris be at the rate of 55} 
florins per 115 francs ; find the rate of exchange between London and 
Paris. 

24. Bills on Paris, bought at the rate of 25 francs 35 cents per £ 
steiling, are sold in Lisbon at 190 roes per franc; what rate of exchange 
is there between London and Lisbon t 

25. The exchange between London and Hambnrgh is 1 3 mks. 10 sd. 
per £ sterling ; between Hamburgh and Paris is 150 marks for 275ft9aa; 
what exchange does that give between London and Parisf 

26. If the exchange between Amsterdam and Hambargh be at llj 
flors. for 13^ marks, between Amsterdam and Grenoa be at lOf flors. fin 
25 lire, between Genoa and Portugal be 5 lire for 800 rees, between Ids' 
bon and London be 1 milree or 1000 rees for 54<2., what exchange does 
this give between London and Hamburgh? and what difference will there 
be, between remitting £500 from London to Hamburgh by this circular 
route, and sending it direct, at an exchange of 13 mrks. 11 schgs. per £ 
sterling? 

27. The premium on gold at Paris is 5|^ per mille, which gives an ex- 
change of 25*29 ; if the quoted exchange of Paris on London be 25*22^, 
shew that gold is 0*26 per cent, dearer in Paris than in London. 

Exs. 59. M. 

1. A debt of £144 78. 6d. was paid in an equal number of goineas, 
half-guineas, and seven shilling pieces : required the number. 

2. A peck of flour gives 20lbs. of bread ; how much land would grow 
com enough for 1^ millions of people for a week, at 4^ quarters to the 
acre, and l^lbs. of bread for each person per day? 

3. The population of a town rises 1 per cent, for 3 years successively ; 
if at the beginning of the 3 yrs. the population were 1 million, what 
would it be at the end? 

4. Tea bought at Is, 10^. per lb. pays a duty of 28, 2^. per lb., 
what per centage of the whole cost is the taxation ? 
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5. The 3J- per cents, are reduced to Zi per cents. ; 150 millions of 
stock are so converted: bat the hoMeni of 6 millions dissent ; if they are 
paid off while the stock is at 97^, how much will the nation gain or lose 
in the first year { 

6. An estate of 270 acres is bequeathed to three tenants, to be 
diyided in proportion to their rents, which are £180, £120, and £60 ; 
how must the land be divided t 

7. Fiad a fourth proportional to }, |, ^^ ; and to *05, '015, and *0075. 

8. Find the difference between the Simple and Compound Interest 
of £520 for 2 yrs. at 5 p. c, where the interest is paid half-yearly. 

9. A, Bf and C enter into partnership; A puts in £100 for 6 months, 
B puts in £200 for 4 months, and C £100 for 15 months ; divide a profit 
of £l50 equitably. 

10. At what rate must I sell an article which cost 50«., so as to gain 
15 per cent. ? 

11. Find the purchase money of £1500 stock in the 3 per cents., at 
88^, including -I per cent, commission. 

12. At what rate per cent, will £100 double itself in 8 years, S. Int. ? 

13. Find the annual income from a legacy of £5000 Stock in the 
3J per cents., after paying the legacy duty of 10 per cent. 

2 

14. Prove that the sum of the fractions 2^ and r-^ is equal to 5 

times their difference. 

N. 

Ir Show by a simple Ex., that Mult" is nothing more than a short- 
ened mode of Addition. 

2. What would be the length of an acre of ground, if its breadth 
yeere 40 yards ? 

8. Find the value of 4*05 x '000012 ; also of 4*05-^ '00012 ; and prove 
both results by vulgar firactibns. 

4. What does £25 ISa, amount to, when taken *125 times? 

5. If the means of a proportion be 9 and 16, and one of the extremes 
be 56, what is the other extreme? 

6. A person bequeathed £5000 to be divided amongst three persons, 
in the proportions of 3, 5, and 7 ; find their respective shares. 

7. Explain what fractions produce terminating^ and what produce 
non-terminatiog decimals. Give Exs. of each. 

8. Find the exact diffwence between '127«. and '12t«. ; and express 
the result as the firaction of a crown. 

9. What sum of money will in 5 years amount to £411 5«. at 3| p. c. 
Simple Interest? ' 

C. A, '^ 



170 APPLICATIONS OF PBOPOBTION. 

10. Find the amoant of insunnce vpon £12500, at 4«. 6d, per cent 

11. What u the preeent yalae of £46S lOi. dae in 6 UMmUm, aDsi^ 
log H per cent t 

12. How many yards at 6«. 7id. per yd. must be given in «KflluBgi 
fbr 105 yds. at 8<. 4d. and 875 at 4f. 10)d.t 

13. Explain the meaning of the terms dinelly and iww i- srf jf pnp» 
tional ; and give Ezs. of questions illustrating each expvession. 

14. What decimal mnltii^ed by f of { of 8-i will beoome 17t 

15. How many years' purchase should be paid for pntiperty, »u 
to receive 6( per cent. ! 

0. 

1. Find the Simple Interest of £500 for 5 years at 8} per cent 

2. What ia the number of cubic yds. in 1438790 cabio indies t 
8. How often must the sum of 2t. 6^,, S#. 9|ci. and 18t. 8}dL be 

repeated, to make £100! 

4 If 10 francs be worth 6 florins, and 75 florins be eqniyaiknt to 4 
moidores ; how many francs must be given for 16 moidores T 

5. Find the frac" which being multiplied by f of f of 2j^ glm * 
products 1. 

6. The interest on a railway share is 3^ per cent. ; what is the mu' 
ket value of each share and of the entire line, if money be worth 5 par 
cent., and the amount paid in dividends be £150,000 1 

7. A sum of money has doubled itself in 17 years at Smple Ihteniti 
what is the rate per cent. ? 

8. I sell an article for 15«. 9d,, and by so doing gain 17 per oani; 
what was its prime cost? 

9. An estate which brings 3) per cent, lets for £546 ; what wastlie 
purchase money? 

10. Divide £70 amongst three persons, whose shares shall be in the 
ratio of the numbers f , f , |^. 

11. Shew whether it is better to invest in the 8 per cents, at 89, or 
the ^ per cents, at 94. What difPerence would there be, if £10000 
stock were held? 

12. Compare as vulgar fractions *025 x *07, 11*085 x '0008, and 
•1§ X -OOS. 

18. A person mixes 25 bushels of wheat at 4f. 9(2., 86 at 5s. 6<L, 
and 15 at 6a. 6(2. ; what must be the selling price per bushd of the mix- 
ture, to gain 10 per cent, on the above prices? 

14. Exchange £1050 for francs, at 25 fr. 50 cts. per £ sterling. 

15. Exchange 9062 fir. 62| cts. for pounds sterling, at 25 fr. 35 cts. 
for £1. 
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1. Find a fourth proportional to 1^ |^, i; also a third proportional 
to 12 and 25. 

2. Express ■:— as a simple ratio. 

3. I lend £175 for 6 months when money is worth 7 per cent. ; for 
what time ought I to be able to borrow £250^ when money is worth but 
4} percent.! 

4. Explain the difference between Interest and Discount; and find 
the true discount of a bill of £65 ISt. at 4 months, drawn Oct. iih, and 
discounted Nov. 26th, at 5 per oe^t. 

5. At what rate of interest would £350 amount to £389 7«. 6({. in 

3 yis., at Simple Interest! 

6. Groods bought at £2 4ff. &d, are sold at £2 IBs. 9(2.; required the 
profit per cent. 

7. A railway share, originally costing £50, has paid a half-yearly 
dividend of £1 10s. ; what will be my rate of interest, if the share cost 
me£551! 

8. What wiH be the fint year's expense of an insurance on £1500 
at- a premium of £2 13«. lOd, per cent., and a stamp duty of £3! Find 
the per centage, including the stamp. 

9. If the price of 500 bricks, of which the length, breadth, and 
thickness are 12, 4|> and 3 inches respectively, be 12s. 6d.; how many 
shall I obtain for the same money, if the dimensions be 15, 6, and 

4 inches! 

10. Find the prices of investment in the 8, 3), and 4 p. c* Stocks, 
when they each pay 3| per cent. 

11« Distribute the sum of 1000 guineas in the ratio of 1, |, ^. 

12. The ratio of the invoice price to the net price is 11 : 8; what 
per centage has been thrown off as discount from the invoice price! 

13. Exchange £415 lOt. for dollars at 49. 6d., when English money 
bears a premium of 7t p. c 

14. Exchange 3500 dollars for sterling money, when the premium 
on English money is 10-|- per cent. 

15. The exchange between London and Paris is 25*5 francs per £ 
sterling; between Paris and Amsterdam is 117 francs for 55 fiorins. 
between Amsterdam and Hamburgh is 11 florins for 13 marks; what is 
the exchange between London and Hamburgh! 
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AKEA AND VOLUME, 




DUODECIMALS. 

171. If any line be taken, as a&, and npon it a aqnan^ 
cibcd, be describe, this figure maj be called 
the sqnare of ah. And if we take ab u% 
unit of length, viz. 1 inch, 1 foot^ Ac, then 
ahcd is called 1 square inch, 1 square &fi^ 
&c. We have here, therefor^ inches^ &et^ 
&c, of length, or linear inches ; and indiflS 
(be. of surface, or superficial inches, or squ&re inches. 

Fig. 2. 172. In like manner, if npoE 

ahy the annexed figure ahcdef be 
described, having six sides, or sin^ 
faces, each equal to abcdy it is called 
a mjihe : and, as before, if a& be taken 
as representing 1 inch, 1 foot^ &c, 
this figure will represent 1 cubic 
inch, 1 cubic foot, &c. 

We have now, therefore, three kinds of units of measure- 
ment, viz. linear, or common inches; square, or superficial 
inches ; and cubic, or solid inches. Also, these three units, 
are said to contain 1, 2, and 3 dimensions respectively. For 
example, the floor of a room, having the dimensions of length 
and breadth, is of the same nature as a square; and any such 
surface is called an Area : but a cistern of water, having the 
three dimensions of length, breadth, and depth, is of the 
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' fifiune nature as a cube. ' The quantity contained by such a 

' cistem or similar figure is termed its Volvme, or solid content. 

Bjbf. a 8ur&C8 which h so enclosed with lines, that 

any two which meet in a point are perpendicular to one 

another, is called rectcmgtUar, 

Obs. Any surface bounded by straight lines may be 
denoted by two letters placed at its opposite comers ; and 
any solid contained by such sur&ces may be so denoted : but 
the two letters employed should not be joined together by a 
line; Thus, in Fig. 1, 1 should say the area hdj not oc; and 
jn Fig. 2, 1 should say, the volume fcy and not oe. 
, Def. The lin^ oc, {le, are called diagonals. 

173. I have now to* explain how to find the area of 
surfaces and the volume of solids : but as I do not propose 
to enter upon mensuration generally, I shall merely treat of 
rectangular sur&des, as squares and oblongs ; and of solids, 
the surfaces of which are also rectangular. 

174. Quantities which can be accurately represented by 
numbers, whether whole or fractional, are called conimmsvr 
rabie; and those which cannot be so represented, are called 
huxynmiimBwrothle, Thus it will be shown under the head of 
^ Batio," in the Appendix, that if in Fig. 1 the length of ah 
be represented by 1, ac cannot be accurately represented by 
any number whatever, whether whole or mixed. The quan- 
tity used for the value of ac is 14142 and this being 

nearly the true value, is termed its approximate value. 

175. We may here state as a fact, that the area of any 
rectangular surface is found by multiplying the numbers 
which represent its length and breadth; also that the volume 
of a solid, bounded by rectangular surfaces, is found by mul- 
tiplying together the' numbers representing the length, 
breadth, and depth or thickness. T\i© «;)oov^ ^XaX^^Tsi^TsJye* «t^ 
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true, 'whetheor Hie Imea bounding the area or vohuM 
oommeninrable or not ; bai tk^ oumot be ]itOT«d to h 
auTorsall; trae -without the aid of gecmietry. We ibll 
however, give an Ex. illoatntiiig the ootTeatness in «Mt 
case, chooeiiig of conrse only oonunenraiBble tuuabem 
176. Let A£CD be a rectuigolar fignre irhom ^b^ 
^ AB and ^i), meetiiig in tha pent 

4 uid called at^jaatiU mAet, oootNi 
an exact nnmber of nnit^-^^m 
AB~i incbe^ AD^'S Inches; bt 
the oppooite Bida^ .^^ JTC^bedni^ 
ed into four equal parte in <^ ^ 4 
and the EddeB 2 i>, ^, be dividad into 
three equal part^ ia (^ • j lat Ha 
lines aa, lb, ec, dd, ae,he drawn : the fignre vill be dividid 
Into equal Bquarea, each of which has for its nda \ Uneai 
inch, as Aa, and is therefore a square inolL AJh) ooontii^ 
verticallj, there are three rows of aquareB, because AIJ = 3 
inches; and each row contains four aquarei^ because AB=i 
inches; so that tibere are is all 12 squaree, *. a. 3 x 1 aqqaies : 
hence we see that the number of square inehea in the ana 
ABOD = the product of the number of linear inobea in the 
two adjacent sides, AB, AD. 

Def. The lines aa, ib, which are drawn so that th^ 
are at an equal distance from one another, Kn caHai panild 
lines; so also Uiey are s^d to be parallel to AD or BO. 

Hence, if I wished to draw liues, aa oo, 66, or ee, in the 
above figure I should say — through a^ b, c, draw lines par- 
allel to AD, or BC. So also, dd,ee, axe drawn pazallel to 
AByOrDC. 

If AS had been = AB, tlien the figure wonld have been 
a equaze, and the number of ac^iuxo itichiBa in it would be 
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4x4, or 4' (ealled 4 Bqywni)^- 16 ; i e. the number of 
square inches in anj square figure whose side is ez.pr«8sed in 
linear inches^ is fbnnd by mnltiplyihg the number oontained 
in the side bj itself Hence tilie second power of a number 
is called its square^ because it represents the area of a square 
figure, the side of whioh is the number itselfl 

We can now show how the numbers mentioned in what 

is called '< Square Measure,** are obtained. 

For if 12 Enearinelieflsl linear fbot; 
therefore 12 in. x 12 in. =144 aqoAn inthesvl ■qoai^foot. 

8o also, since 8 linear feefcsl linear yard, 

8 ft. x3 ft.=9 square feet^l square yard. 

Agun, 5| linear yards^l Eiuar pole^ or pecdi; 
therefore 5) yds. x 5^ yd8,=80i sq. yds.=l sq. perch; 

and these square perches, yards, &c., are the quantities 
always made use of in measuring land; for no amount of 
perches in hngA could make up an acre^ which consists of 
surface, 

177. In measuring surfaces, such as square feet of tim< 

ber, many arithmeticians have called the twelfth parb of a 

^^ ^ square foot, as Ad or Ah^ an tauh^ 

and a twelfth part of Ad^ viz. AOf a 
paH : but since a pupil is taught in 
'^ Square Measure" that Aa is an 
inch, and that 144 such inches maJce 
up a square foot; it is dearly absurd 
to call Ad an ineh, seeing that 12 
such make up a square &ot : we shall, 



"n 1 1 1 1 u IX 



^^ ^ therefore, confine the name ineh to 

Aay or any quantity equal to it But the divisions of AG 
have been, and niaj be^ called sup^cial primM^ aeeonde, 
thirds, &a; where it is to be remembered^ tba^^ ^ ^xxg^Ssi^ 
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Ath of a square foot, and each saooeeding denominatioii k 
^th of the one preceding it So also, linear inchcB an 
sometimes called primes, and twelfths of an inch, seconda 

The square inch, Aoy might also be divided, exaotiy ai 
we have divided AC ; and its twelfth part would be called a 
third, and be similar in shape, though not in size, to Ji or 
Ad; and the twelfth part of this third would be called a 
fourthf and be similar in shape to Aa, 

Also, observing Fig. 4, we leam that 

1 foot X 1 foot = 1 sq. foot, as AC, 

1 foot X 1 inch = 1 sup. prime, as Ah. 

1 inch X 1 inch = 1 sq. inch, or sup. second, as A€i» 

178. It must be distinctly noticed that we do not 
multiply together concrete quantities, as feet by feet^ inches 
by inches, &c. ; we merely multiply the mmber of feet or 
inches in the length by the number in the breadth; and 
then we observe that the number obtained in the product is 
equal to the number of superficial units, primes, &a, in the 
area contained by the above length and breadth. The same 
remark applies to the multiplication of three dimensions, in 
finding the volume of a solid. 

. Attention to this fact, that concrete quantities cannot be 
multiplied together, will save persons from the absurdity of 
attempting to multiply pounds, shillings, or pence, by 
pounds, shillings, &c. I can multiply 58. by the number 5, 
and the product is 258, ; but if I attempt to multiply 5a. by 
58., I know of no quantity which can correspond to such a 
product. And in considering (74) it must be noticed, that 
though in the practice of Rule of Three I appear to be mul- 
tiplying the third term by the second, each of which is gene- 
rally a concrete quantity, and then dividing by the first term, 
which is also generally a concrete c^axsitity \ yet^ since thd 
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concrete mnltiplier and divisw are of the nine kiiul, the 
reaolt is that I have merd^ mnltiplied hj a fmction, i. e.by 
an abstract number, generally Pactional; and the common 
process haa beat, that I have multiplied the third term 1^ 
the numerator, and divided 1^ the denominator of this 
fraction, 

179. We can now find the area of any rectangular 
figure contained by commensurable lines. 

^^ ^ Let ADOS ba a r»etiiigDl*r fignic, 

of which (he ride JS=4 ft. 6 in., and 
the ftdJMent aide AD=Stl. Sin. Let 
_ AB be divided into fbet in the pdnta 
~' a, b, e, E, and AD lo divided in the 
point* d, e, F. Draw af, bg. A, Sk, 
paralM to AD, or BO: and draw dm, 
ri, Po parallel to AB or DO, acoording to 
<17fl}. Let£t, A,iiitaneDtia(?. Then 
the wholearea,* (7=^0 +J0+ iW+ CO. 

Al«o, from (177) we have 

•q. n. Hp. pi. m. iB. 
Ag=AExAP=itt.xttl.=12mi.tt. =12 
J(J=£Bx£ff=6in,x3R. = ]8»op. pr.= 1 B 
/K7=P(Jxffl=ift.x3in. = 12mp.pr.= 10 
0^ = 0' xOi =flin.xSin. = ISeq.iii. => 1 e 






180. Observing these fonr resnlta, we may place the 
work in a condensed form, as annexed. 

moee OUT propoxd !« to Bnd the prodoot of 4 ft. S in. b; S ft. S in., 
we place one nnmber nnder the othernearly •■ in Oran pound 
TIL n. T. HnltipliealioD, and oonunenoe mnltipl<png the loweat de- 
It. 1^ nomina^D in the upper line hj that Id the lower line, and 
J S «) OD through the mnltiplier. I give the operatione which 
S 3 are required to perform the work mentally, oheerving that 
lis each product ai it ii formed can be reduced to the next 
IS higher deuomination h;. dividing it by 1& I commeDCe at 

H 7 fl theright-haudandprooeed thii«:Bxe = 18, whichjdivided 
1)jl% ginsl tooairy toMdomn^Q.), ande tQ put downt 
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8x4al2forooliimn(nO, wluobf witlitlitlflMrrMdyk 18, and difidfld 
by 12 giTW 1 to ovny to {ul), and 1 to set down in (n.) Agaiiia ocn. 
mencing with the multiplier 8 feet» I have 8x6-18 In (nl), wUek 
diyided by 12 gives 1 to oany to (in.)» and a remainder ftr 01.): 
laitly, 8x43il2 for (m.), which, with the 1 to mnjt hannuMi U 
Adding the two rowB, I have the remit 14 aq. ft. 7fap. primes, 6aq.Ta,i 
or, bringing the primes to square inoheSy I have 14 sq. feet 90 oq. hadm, 
as in (179). 

Comparing the operations of this article with those of the 
last, I notice that the steps which produced the first prodtul 
of the mtdtiplication sum in (180) are the same as tibe 
third and fourth in (179); and those which produoed Um 
second product are the same as the first and second in that 
artida Hence in Ezs. similar to the one now worked, we 
need not draw any figure to insure the correctness of tiie 
work obtained by the multiplication in (180). This mode of 
working is called Cross MuUipliccUionf and sometLmes Duo- 
decimals, The latter name is given in consequence of the 
work of such an Ex. being precisely the same as in Simple 
Multiplication ; provided that, in working from right to left, 
we take every figure as having twelve times the value which 
it would have one place to the right, instead of ten times 
that value, as in common numbers. 

That the area=4| x 3^ gq. ft. may also be thus shown ; but to pupils 
unaccustomed to follow a demonstration, the above proof appealing to 
the eye is often more satisfactory. 

Let the sides AD, AB,he divided into fourths of a foot, i. e. of the 
linear unit : the former (H, or V) will contain 18 such parts, and the 
latter (3^ or V) will contain 13 ; and if parallels are drawn through 
these several points of division, the whole rectangle A BOD will be cut 
up into a set of small squares, each of which is the 16th part of the 
square unit, (1 sq. ft.) ; and the number of the small squares will plainly 
be 18 taken 13 times, or 18 x 13. Hence the area, expressed in teims 

of the square unit, (1 sq. ft.), will be ^^yg^= ^ ^ T^ ^ ^ 8i = the 
product of the numbers representing the two adjacent sides. 
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Thw areas- x --- aq. ft. =-g- sq. ft. 

sl4| iq. ft. sl4 aq. ft. 90 aq. inohesy 
aa before. 

181. "Sext, let one or both of the adjacent sides of any 

rectangular %i]re, whose area is required, consist of feet, 

inches, and twelfths of an ineh ; we must then further divide 

a square inch as we divided a square £)ot in (177) : and we 

then learn that 

1 inch X ^ inohs-^th of a aq. inch, or 1 luper. third ; 
•^ inch X ^ inch SB y^ super, inch, or 1 saperficial fourth. 

We can now, without further explanation, follow the work 

of the aooompanying Ex. 

Find the area of a xeotangrular floor, whereof the length ia 9 fiaet 

4 inches 7 seconds, and the breadth 6 feet 6 inches 4 seconds, 
ft. pr. Me. 
9 4 7 The highest denomination, 51, in this product has 

prindpaUy been obtained from the multiplication of 

5 feet and 9 feet, and is therefore square feet; and the 

remaining denominations are superficial primes, 

seconds, thirds, fourths: and the whole answer is 

written 51 sq. feet 10 sup. pr. 4 sec. (or sq. in.) thirds, 

4 fourths ; or, neglecting the fourths, 51 sq. feet, 124 sq. inches. 

Ezs. 60. 

1. Multiply 4 ft. 7 in. by 8 ft. 3 in. 

2. „ 13 ft. 5 in. by 27 ft. 9 in. 

3. „ 2 ft. 6 in. 4 sec. by 11 ft. 3 in. 

4. „ 18 ft. 4 in. by 3 ft. 6 in. 9 sec. 

« 5. „ 7 ft. 2 in. 5 sec. by 11 ft. 3 in. 4 sec. 

e. „ 15 ft. in. 7 sec. by 18 feet. in. 11 sec. 

7. What ia the cost of paving a rectangular area, 20 ft. 6 in. by 
4 ft. 3 in., at 80«. per square yard I 

8. A room is 97 ft. 8 in. in circuit, and 9 ft. 10 in. high; what will 
the painting come to at 7^. per square yard? 

9. How much will remain out of 393 square feet of carpeting, after 
covering a floor 28 ft. 6 in. long, and 16 ft. 7 in. bread ? 

10. Find the whole surface of a box, whereof the height, length, 
and breadth are respectively 3 ft. 2 in., 7 ft. 5^ in., and 4 ft. 8in. 5 sec* 
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11. WbBt ia tlw irtuOa n 
i2ft.9m.t 



M of » eobioJ box, th« adge of mtiA 



12. A honia hu S3 windowa ; 40 of Umdi eantua 13 puiM, ttA 
20 in. b; 10 in. ; the nmuindar oontain 9 puM^ 18 In. ■qnam ; find lb 
ooatof gbsmgUia wholaatSt. ad. per aqnan fiut. 

18. A TdA^ oupot, mcMoring lULSin. bjBft. 8 in., Ii kid 
down on the floor of » roMD motnuit^ 14 ft. l^- IS fl. 6 in. ; find lb 
qsanfity of «l-dotii nsoamy to oomi^Bta tiia eimtiag vS tha floor. 

182. We have stated that the length, breadth, and 
depth of ft Bolid ntoat be midt^>lied together to obtain its 
Tolome; we now proceed to gire an Ex. of the trutJi of thi^ 
jnst as we have already worked one in a qoestiou of two 
dimenmona. 

Pint, let >11 Ow dimeosion* oonust of whole nnmber^ vis. S, 4, f 
jdAm; and let ABOOB ba tho aolid, when AS^B, JitsS, AJ}=!,t 
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Let IKLM be a section of the whole solid by a. plsna p&ndlel to 
A BCD; then, since AE=5, the whole solid maj he divided by siniilar 
planes into lolid blocks, the base of each of which is ABCD, and the 
tbickaess I inch: benoe there will be fire times as many solid inches in 
the whole AO, as there are solid inches in AL, 

Now, by (176) t]iearead5(7Zl = 4in.x3iD. = 12Bq. injandif open 
each of these square inches a lolid inch bo placed, there will be tweive 
■olid inches inAL. Hence, in the whole A O, i. e. io fire times A L, then 
will be fix 12 cubic inches ; i.t. the volume of the ■oUd=Sx4x8 aoUd 
inches. Of course, if the three dlmenrions lud been exprancd in feet 
diss, the reanlt woi^ have been S x 4 x 3 solid bet. 
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Lat now tiia tolid have ill lt» <lllnali> 
■iODB equal, uid eaoh^l foot, then the 
flgore it a cobio foot, &nd iti volome 
=13 ia. X 12 Id. x IS io. ^1728 cmb. in., 
■nd 12 K 13 X IS, or li> !■ called 12 cuiiA 
Hence we oan obtain the nnntben exhi- 
bited in what is called " Solid Meamire." ■ 

Tor 12in.xl2in.x]3in„ orl7S8 , 
•olid inehea=l aolidfoot; 

S it X 3 ft. X 3 ft., or 27 Eolid fiMt=l 
■olid Tard, 

By a clasaiSoaitioii gi'-milap to that of (177), we term a 
twelfth part of a solid foot, a solid or cubic prime ; a twelfth 
of a prime, a Becoud ; aud so on : but -we mart always 
remember, that though we nae bat one set of names, ve 
have thr^ kinds of pnme% seconds, ice., viz. linear, superfi- 
cial, and solid ; and the various sorts can uerer .be added to 
or subtracted from each other — for it is evidently impoedble 
to add an area either to a line or a Tolome. 
By observing Fig, 7 ve learn that 
1 aq. foot X 1 linear inch = 1 solid prime, as DO. 
1 sap. prime x 1 linear inch = 1 solid second, aa C£. 
1 sq. inch or 1 sup. see. x 1 linear inch = 1 solid third, or 
solid inch, as CK. 

F"8. a Let ABGDm «■ BE 

be a solid contained by rect- 
angular Burfiices ; let the 
^A three a4}aeent edges, GB, 
' CD, CB, be reepectivdy 
equal to 4ft. Gin., 3ft. 6in., 
and 3ft. 4ia. ; or 4,^, 2\, 
Si feet According to the 
second method of (180), let 
each of these adjacent edges 
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be divided into twelfths (12 being the least coimiioii denom- 
inator of their fractional parts) ; then the nximber of twelfths 
in them will be 53, 30^ 40 respectiyelj; and throng each of 
the points of division draw- planes parallel to the several 
fitces of the given solid ; then the whole voloine will evidently 
be divided into smaller cubes, each having for, its edge one- 
tu>elfth of the linear nnit, and the voltume of which will 
therefore be ^f^th of the former solid nnit. Alflo, the 
nimiber of these small cubes will hj (182) be 53 x 30 x 40; 
and therefore the volume expressed in terms of the oubio 

•* /I V r x\ -111, 53x80x40 53 SO 40 
unit, (1 cubic foot,) wiU be p^^g — » ^'^ 12 "" H "^ 12' 

or 4|^ X 2} X 3}, which equals the product of the numben 
representing the three edges which meet in a point* 
By Cross Multiplication, tile work will be as follows r 
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or Ze\\i soL ft. or 36J} sol. ft. 

183. Working fractionally, the volume =^2 ^ o ^ T ^^^' ^' 

soL a =36 If sot ft. 



86 

1 84. Since length x breadth x depth = volume (l), there- 
fore length X breadth = -= — -7— ; and since length x breadth 

is of two dimensions, therefore --i — -r- is of two dimensioiu^ 

3 dimensions . ^ ,. 

t. e, -r-rr. : — givcs two dimcusions. 

1 dimension ° 
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voluino • 3 uunoiL 

So alao, ftom (i) length = g^;;^^^^ ; ^ * ^^j^j^ 

gives one dimenaioii: and any fraction in wHch nume- 
rator and denominaitor are oi the same dimension, is of 
no dimensioin^ or an abstract number. (See Art 67.) 

185. The following Exs., are amongst the most nsefnl 
of those in which the meaaurement of sur&ces and solids 
occurs.* 

Ex. I. Find the number of acres in a rectangular field, of which 
the length is 35 chaine 72 linka^ and the breadth 24 chains 8 links. 

To understand this qnlMoiiy a pupil must know that laige pieces of 
land are measured by means of a chain called €hinier*$ Cham, which is 
four pdes, or 22 yards, in length, and is divided into 100 equal parts, 
called X^nJv. 

Also, an acre is equal to a rectangular surface of which the length is 
40 poles, or 10 chains, and breadth 4 poles, or 1 chain : hence, the area 
of an acre which is 40 poles long, and 4 poles broad, sb 10 chains x 1 chain 
= 1000 links X 100 links s 100,000 square links. Consequently, if the 
dimensions of a field be expressed in lin)u, and its area thence be obtained 
in square links, this yalne^ when diTided by 100,000, will be expressed 
in acres; i. e. if fiye places be pointed off as a decimal, the result will be 
acres and decimal parts of an acre, which can be reduced to roods and 
poles. Betuming now to the Ex., we have 

Length=85 chains 721inks=8572 Unks. 

Breadth=24 chains 8 links =2408 links 

28576 
142880 
7144 



Area-acres 86*01876 
4 

Boods '05504 

40 

Perches 2'20160 



and therefore the field contains 86 a. r. 2} perches, nearly^ 

Ex. n. Find how many gallons are contained in a olBtem of whidi 
the length is 40 inches, breadth 86 inches, and depth 16 inches. 

• For ftirther information on Mensuration, see Lund's Oeometrr, Ft m. 
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a 

It must here be observed that an imperial gallon is eqiial to 277*274 

cabic inches : henoe^ "when the number of solid inches in any Tolnme k 

known, the number of gallons which it will contain is found by diyidiDg 

those solicLinches by 277 '274. In the above Ex. we therefore have 

the solid content = (40 x 86 x 16) solid inches ; 

23040 
and therefore number of gallons contained =^=^7^^^ =s88, nettrly. 

Ex. m. A roof of 27i feet by 18f is to be covered with letd 
weighing 8 lbs. per square foot : what would it cost at the rate of £5 4ii 
for 5 cwt. I 

The area of the roof = 27^ ft. x ISf ft. 

/56 75\ ^ 

4125 ^ 

e=— r—Sq. ft. 

hence, weight of lead=-^ x8 lbs.=4126 lbs. 

To find the cost of the lead, we have the following statement : 

5x112 lbs. : 4125 lbs. :: £5 4«. 
The fourth term will be found to be £38 6«. 0^. 

EXS. 61i Form the following products: — 

1. 8 ft. 2 in. X 4 ft. 9 in. X 5 ft. 7 in. 

2. 15 sq. ft. 73 sq. in. x 2 ft. 6 in. 

3. 11 sq. ft. 9 sup. pr. 3 sec. x 9 ft. 7 in. 

4. 2 ft. 4 in. X 3 in. X 11 in. 

5. Find the capacity of a rectangular cistern, 12 ft. 3 in. long, 
5 ft. 7 in. broad, and 2 ft. 11 in. deep. 

6. How many bricks, of which the length, breadth, and thickness 
are 12, 9, 6 inches respectively, will be required to build a wall, whereof 
the length, height, and thickness are 64, 9, and 1^ feet? 

7. What is the price of a block of stoncf, of which the length, 
breadth, and thickness are 37 ft. 8 in. ; 8 ft. ; and 6 ft. 5 in., at 5«. 6d, 
per sol. foot? 

8. How many square feet of board would be required to make a 
rectan|;ular box, of which the length, breadth, and depth are respectively 
Zi ft., 2i ft., and 1 ft. 2,^ in. ? 

9. A cubic inch of water weighs 252*458 grains, required the 
weight (in lbs. Troy) of water in a full cistern 10^ ft. long, 5^ ft. wide, 
and 11 in. deep. 
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10. The bottom of » cistern is rectangular, and contains 15 sq. feei^ 
58 sq. in. ; how deep must it be to hold 164 gallons, if a gallon contain 
277i cubic inches ? 

11. The length of a rectangular field is 25 chains 87 links^ and the 
breadth 17 chains 36 links ; find the number of acres contained. 

12. "Fmd the number of chains and links in the breadth of a field, 
whereof the length is 35 chains 15 links, and the area is 45 a. 2 r. 31-| p. 



EXTRACTION OF ROOTS, 

186. We have already seen (92) that a number, by 
being successiyely multiplied by itself is said to be raised to 
a power ; and the order of the power, whether it be seoond, 
third, fourth, &c, depends upon the number of times the 
original, number is to be repeated. This process is termed 
Involution; and the reverse process of obtaining the original 
number from the power is called Evolution, The original 
number is called, with respect to its power, the Root; and 
jjiis evolution is also termed Extraction 0/ Boots, 

The Square Boot of any number or quantity is that 
number or quantity, which when squared, that is, multiplied 
by itself, will produce the original quantity. 

The Cube Root is that which when cubed, or multiplied 
by itself ttoicef will produce the original quantity. 

Thus^ since 5 x 5, or 5% or 5 aquao'ed (176), as it 19 
called, = 25 ; 5 is called the Square Boot of 25. Similarly, 
since 6x6x6, or 6^ or 6 cubed (182) = 216, then 216 is 
termed the cube or third power of 6, and 6 the cube root or 
third root of 216. , 

The sign J is used to express the operation of extracting 
a root ; and a small figure, placed thus ^, shows what root 
[here the third root] is to be extracted : but the figure is 
generally omitted when the sign refers "to \.Vvft «o^iK£^^caO«»\ 
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and the mgn j^ itself indicates extraction of the Sqoan 
Boot 

187. A number or quantity whioh is tiras formed hj 
the squaring, cubing, &o. of any number, is called a complete 
or perfect square, cube^ &c. ; and therefore the square^ cabe^ 
&0. root, of such a power can be exactly extracted : but mbj 
number, as 20, which lies between two complete squares^ 16 
and 25, cannot have its root obtained exactly. But sinoe 16 
has a root 4, and 25 has a root 5, therefore the root of 20 
will be between 4 and 5, or its value will be approximatdy 
expressed by the mixed decimal 4*472...; and siniilajdyof 
every number which lies between two complete sqnaiea 8o 
also every number which lies between twp complete cabti 
must have its cube root expressed in a decimal form. 

188. If a number be raised to a power, and then the 
same root of that power be extracted, we shall of oouzBe 

obtain the original quantity ; therefore ^3^ = 3 ; l/P = 5. 

Also, since the square root of a given number has been 
defined to be that number which, when multiplied by itself 
will produce the given number, therefore J2x^2 = 2:bo 
also, 1/2 X 1/2 X 1/2 = 2. Such quantities as J2, Jl/2, are 
called JSu/rda, or Irrational quantities. 

Obs. Since fourth, fifth, &c, powers of numbers can he 
obtained, of course fourth, fifth, <&c. roots must also exist; 
but we shall here confine ourselves principally to the fining 
of square and cube roots. 

What has been said of the raising of whole numbers to 

powers is also true of fractional quantities, whether vulgar, 

2 2 /2\* 4 
or commensurable decimala Thus, since q^o>^(o) =qi 

therefore ^ / k = o » which equals -—. ; i. e. the square root of 
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a &^ imist be oUaiaed l^ takmg the square rooit of ntnneraior 

2 2 2 /2\' 
and denominator. In like manner^ since » )< 7 x ^, or f 7 j 

= -=.; therefore ^/ 07 = « > ''rhich equals ~^; L e. the cube 

root of a fraction -will be found by taking the cnbe root of 
both nnmerator and denominator. If the root of a mixed 
number be required, it must be reduced to an improper 
fraction or a decimal Thus : 

V is"* V 1^"" ^/le'■4'"^*• 

We shall presently show how to extract the square and cube 
roots of decimals as well as of whole numbem 



SQUARE ROOT. 

189. Before proceeding to investigate a role for the 
extraction of the Square Boot, we must remember the 
following: 

Bigito, 1, % Z, 4, $, ^ 7, B, 9. 
Squares, 1, 4, 9, 16, 25, 36, 49, 64, 81. 
From what has been sud, it is plain ^t the square of 1, is 1 ; of 10, 
is 100; of 100, is 10,000, fte. fto. 

Therefore the square root of 1 is 1 

„ „ 100,, 10 

„ „ 10,000 „ 100 

„ „ 1,000,000 „ 1000 &0. fte. 

Hence^ if » number lie between 1 and 100, %, «. have not move tiiaa 
two figures, its square root is between 1 and 10, or las not more thm <m€ 
figure. 

If between 100 and 10,000, 1. 1; have not more than fimr figures, 
the root is between 10 and 100, or has not more than two figures. 

If between 10,000 and 1,000,000, «*. e. have not more than tix figures, 
the square root is between 100 and 1,000^ or has not more than ^rt$ 
figures: and so on. 
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So that if orer ererjr altenmte figure of any number, iteginnmg it 
the units* place, a point be placed, the ntmber of points will show the 
number of figures in the square root. For example, 3757 has more than 
two figures, and not more than four, or lies between 100 and ip,O00i 
and thwefore its root lies between 10 and 100, i, e, has not moTB thtai fun 
figures, and the number must therefore be thus pointed, Sfsf ; so abo 
l345d is correctiv pointed, for there will be three figures in the squan 
root. The divisiuns which are formed by these points are oaUBdjperiodi 
The periods in l345d are 1, 34, and 59. 

A1m>, since the square of *1 is *01, therefore 
the square root of '01 is '1 

So abo, of '0001 is *01 

„ „ 'OOOjOOl is -001 &c. &e. 

It henoe appears that in the square of any decimal an even number of 
decimal places will always be found; and that if there be an odd number 
in any proposed Ex., the number ofi places must be made even, by 
appending a cipher, which cannot alter the value of the decimaL We 
then point every alternate figure of a decimal, from left to light, begin- 
ning with the second figure from the units* place, so that the last fiignre 
will always be pointed, in decimals as well as in whole numben. 

190. The Kiile for the Extraction of the Square Boot is 
derived from an algebraical operation, wherein a complete 
square is taken, and a process is then contrived by: which the 
root, which is already known, can be deduced from the com- 
plete square. 

I shall therefore proceed, contrary to my usual method, 
to give a Rule for extracting the Square Root, without any 
more explanation than is necessary for the mere working of 
Exs. : and the arithmetical illustration of the above algebra- 
ical process, which I shall afterwards give, may be read or 
omitted at the reader's pleasure. 

Rule. Divide the given number into periods. Tmd the 
greatest square number which is not greater than the first 
period ; subtract it from that period, and place the root of 
*ber in the place of the quo\asa\) mljoi^^I^Yraion. 
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To the remainder, after subtractioiiy bring down two 
figures or one period, and consider the whole as a dividend, 

Eor a divisor, double the root, and try how often it is 
contained in the dividend, except the last figure : the figure 
thus obtained by division place in the root^ and anAez it to 
the divisor. 

1 

Multiply this whole divisor by the last figure in the root,, 
and subtract this subtrahend fix)m the dividend. 

Bring down another period ; ^nd a fresh divisor by adding 
the last figure of the former divisor to that divisor, and 
proceed exactly as before. 

Obs. It will be found that on dividing by the mcamplete 
divisor— especially when the early figures in the root are. 
small, and the latter ones large — ^there will result a quotient 
larger than the one which must be taken. The reason of 
this will be explained hereafter. 

I will work one Ex. which gives no remainder, i. e, where 
the given number is a perfect square, viz. 81796. 

A pupil will find himself less liable to make mistakes in brin^g 
down the periods, if in actual working he points off as I have done below. 
8^17'96' ^286 The greatest square number not greater than the 
^ first period, 8, is 4 ; I therefore subtract 4 from the 

^^ Qu i ^' '^^^ place in the quotient, 2, the root of the 4 : to 

— o«Q« *^® remainder, 4, 1 bring down the second period,. 

8396 ^^' ^°^ consider 417 as my dividend. For a divisor, 

~ I double the 2 in the root : and on dividing 41 by 

this divisor 4, I obtain a quotient 10 ; but upon trial . 
I find that 8 is the largest quotient that can be employed. I place the 
8 in the rooty as well as at the right of the 4 in the divisor, making a 
complete divisor 48: multiplying this 48 by the 8, I have a subtrahend 
884 ; the remainder, after subtraction, is 83, and with the third period 
96 gives a new dividend 3396 : adding the last figure 8 in the divisor 48, 
to that 48, I have, as new partial divisor, 56, which goes six times in . 
339 : placing the 6 in the root and in the divisor, and multiplying the 
whole divisor 666 by the 6, I have a subtrahend 3396, which, upon sub* 
traction, leaves no remainder. The square root is therefore 286. 



586; 


3553 
8516 


59206; 


375000 
855236 

19764 
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I 

Sinoe most of the nmnben ire meet iriih are nofc perftei 
Bqnares^ we can obtain only approximate roots of such waat- 
bers ; and the operation is oairied to about Hbane places of 
decimals in the root^ requiring of course, six fdaoes in lb 
number. If the gi^en numbt»r be an integer, or hATe not m 
many as six decimal places^ the number must be made up Ij 
appending ciphers. 

Ex. IL Find the square root of 876 '585. 
«76^-68W0(r ^29-606... i append three dphm, and point 
^g .-^ aecording to (1€9). When tbe tUrd 

^ A^ divisor, 592, iB obtained* the quotiflBi 

is ; I therefore place the 0, as ima^ 
in the root and in the diyiaor, then hang 
down another period, and proeeed is 
before. Since there were two periodi 
in the integral part of the given nafr 
ber, there will be two places of in Uyn 
in the root^ and the decimal point mnst be put after the 20. 

191. I will now illustrate the algebraical process men- 
tioned in (190), as far as can be done in arithmetia 

Let the square number 169 be taken, the root of which is 13. If thii 
number and its root be expressed in the required algebraic fonn, thej 
will be respectively written 100 + 60 + 9, and 10 + 3. 

100 + 60 + 9 (^10+3 Puttbg in the place of the quotient ibe 

^00 10 + 3, which is known to be the root, 1 

20+8^ 60 + 9 observe that the first part of the root, via 

?!^1J 10, is the square root of 100, tbe fint ptft 

of the number: I may therefore consider 

that the square root of the 100 gives the 10, and the remainder 60 + 9 ii 

to furnish the 3. Observing the former part of the reminder, tIs. 60, 

I notice, that if it were divided by twice the 10 in the root, I should 

obtain the required number, 3 : I therefore make 20, «. e. twice the first 

figure in the root, my divisor. Also, since there must be no remaindert 

I must have as subtrahend 60+9; and since the 9 is the square of 8, 

therefore, if I append the 3 to the 20 in the divisor by the sign (+), and 

multiply the whole divisor 20 +3 by 3, 1 shall obtain a subtrahend «qiial 

to the dividend 60 + 9, and therefore shall have no remainder, as was 

required; 
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An algebraical pxocesB siiuilar to tlie afaoTe would prom 
tliat this ineliLod of prooaiing a diviaor and subtrahend 
would abeaiffs suoeeed in bringing no remaindar, i. e. in 
obtaining the exact root of a oomplete square. But this Sz. 
of conise only ilkutraim the method of prooi^ and shows how 
the Bole is algebraicallj deduced. The operation, when 
condensed into an arithnietioal form, stands thus : 

1 

28; 69 
69 



192. I wiQ work one more Ex. which will show how an 

error in the quotient maj arise in dividing by an incomplete 

divisor. 

(27)'= 729, which may be put into the algebraie form iOO+ 280 +49 : 

and the root is 20 +7. 

And thk, when oondenied, is 

400+280+49 (20+7 7*29' (27 

400 4 



40+7; 280 + 49 47; 329 

280 + 49 829 



Obs. Since to divide 280 or 320 by 40 is the same as to 
divide 28 or 32 by 4, I may therefore call 4 the divisor, 
when 28 or 32 is the dividend, and consider 40 as the divisor, 
when 280 or 320 is the dividend. 

If this Ex. be worked in the usual manner, it wiH be 
found that the incomplete divisor 4 will go eight times in 
32, whereas the real quotient \a found to be only 7. By 
observing the algebraic method, I learn, that when the divi- 
dend 329 is separated into its parts 280 + 49, the true 
quotient is obtained by dividing only the former part, 280, 
by the 40, -or. 28 by 4: but in the arithmetical operation I 
cannot see how much of 329 is the former part which will 
give me a correct quotient; and therefore I have to divide 
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the whole 329 by 40, or 32 by 4, and so run the viak. of 

an error. If the second- part of the dividend 49 had been 

less than 40, the quotient would at once have appeared to 

be 7, and no error arisen. Hence the larger the seoond put 

of the dividend (as 49) is, when compared with the incomplete 

divisor (as 40), the greater will be the error : and since the 

4 in the divisor was obtained from the former part of the 

quotient, viz. 2, and the 49 from the loiter part, viz. 7, the 

error will be the greatest when the earlier figures of the root 

are small, and the latter are large. 

This method of proof is not limited to numbers, the 

roots of which consist but of two figures : but any attempt 

to extend the illustration would be veiy cumbrous without 

the use of algebra. 

Ezs. 62. 
Extract the Square Boot of each of the following numbers : — 

1. 729 4. 2832489 7. 1241^ 10. 197*4025 

2. 11025 6. 27 A 8- 12122x^ 11. 86'848 

3. 8264446281 6. 37l|| 9. 10-5626 12. -002401 

193. "We have seen (176) that the area of a square 
is obtained by squaring any one of its sides; bence the 
number in the side of a square is found by extractiug the 
square root of the number which represents the area of the 
square. 

The number which represents the area of a square figure 
may not always be a complete square : for instance, if in 
Fig. 1, p. 171, a square be described with sides equal to ac 
or fJ2, then its area would be (^2)* = 2, which is not a 
perfect square. When, therefore, the number representing 
the area of a square is not itself a perfect square, the number 
representing the side will be incommensurable or irrational 

Quantities which are not perfect squares, cubes, &c. may 
be made 80 hy multiplying tbem by certain Victors. For, in 
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order that a number may be a complete square, each of its 
feuTtors must be contained 2, 4, 6, &o. times, i,e, some mul- 
tiple of two times; to be a complete cube, each must be 
contained 3, 6, 9, &o. times, i, e. some multiple of three times ; 
and so on for higher powers. For example, the number 144 
will be foimd = 2* x 3', where the indices 4 and 2 are mul- 
tiples of 2, and therefore 144 is a perfect aqua/re. So also 
1728 = 2^ X 3", where the indices are multiples of 3, and 
therefore 1728 is a perfect cvbe. 

Hence, if I resolve any number into its factors, I can tell 
by inspection whether it be a perfect square, cube, <&a ; and 
if not, what additional factors must be introduced into it to 
make it so. Thus 20 = 2' x 5; and since the index of the 5 
is not a mtdtiple of 2, it must be made so, by introducing an 
additional 5; it then becomes 2' x 5', or 100, a perfect square. 
Again, to make 48 a perfect cube, I observe that 48 = 2* x 3 ; 
and in order that the indices may be multiples of 3, this 
must be changed into 2^ x 3^ and therefore be multiplied by 
2* X 3*, i. e. by 36; and we then shall have 48 x 36 = 1728, a 
perfect cube. 

In obtaining the square root of a Pactional quantity, we 
may extract the root of numerator and denominator, if the 
denominator be a complete square, as in (188). 

or, taking the case of a mixed number, 

/"49'_ /625__ 25^2 1 

But if the den' be not a perfect square, it is better to 

reduce the fraction to a decimal, and then extract the root. 

For example, if I have to extract the square root of 27t%, 

then, since i87^ = 27-2109375, a single extraction will 

a A. ^ 



i 
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suffice to give the answer atonoe; whereas^ trying the former 
method, I should have 

liss 59-01 



V27^=^^ 



128 11-31 • 

and to obtain the restdt, I must extract tufo roots^ and pe^ 
form an operation in Long Division. 

Again, we may make the den' a complete square^ ss 
described in the preceding paragraph; and then, since the 
root of the den' will be known by the very prooees of com- 
pleting the square, it will be necessary to extract only the 
root of the num'. Thus, taking the above example^ and 
observing that a &ctor 2 will make the 128 become 256..., or 
16*, we have 

,— j^ /3i83 /me 88-462... -^-^ 

In finding the root of a circulating decimal, it will some- 
times happen that the equivalent vulgar fraction will have 
both numerator and denominator complete squares^ and we 
can then readily extract the root. Thus: 

Vr?=^lf=VV=J=li, or 1-5. 
But as this is rarely the case, we must generally find the 
approximate root by the usual method, though it will not be 
a recurring decimal. 

194. Sometimes a fraction involving a surd may be in 
its lowest terms, but yet not in a form the most convenient 

for finding its value. Thus — r^ is in the lowest terms; but 

multiplying numerator and denominator by ^2, it becomes 

/2 /2 1 

-7~^ — 7H= %r, or jiJ2. And we shall find that this fraction 

is more simple than the former one. For, since ^2 = 1 -4142 . . . 
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therefore -^ = ^ .^ ,q — , whick will require a Long Diyision 

1 1 

sum to bring out its value; but ^^2 = ^ (1*4142...)= '7071.. 

by mere Short Divisionw Hence s^yS is more simple than 



n/2- 

And as a general rule, all quantities involving surds are 
in their simplest form, when the surds are in the numerator 
and not in the denominator. 

The following Exs. illustrate the operations of the last 
few pages. 

Ex. I. A sqiuure fidd oontaiaa^ 15 ft. 2 r« 20 p. Find its side in 
chains. 

15 ft. 2 r. 20 p. as250O sq. poles; therefore the nde of ft field contain- 
ing 2500 sq. poles =50 linear poles 

S-T- Hnear chains (since 4 poles =1 chain) 

4 

=12^ linear chains. 

Ex. 11. Two acres of land are to be out from a rectangular field, of 
which the breadth is 2 ohams 50 links^ by a line parallel to it. Find 
the length of the plot. 

1 acre=:40 p. x4 poles=10 chainsxl chain=10 sq. chains; and 
length X breadths^ acres; or, since the breadth is 2^ chains, therefore 
length X 2| chainss'S fteress2x 10 sq. chains 3s20 aq. chains. 

H Ifinffth=-^5J9!_£^^]^ 
^ 2| linear chains 

4 O 

s!^q X ^ linear chains (18^ 

=8 linear diainSi 
Exs. 63. Find the value (to 4 places of dedmals) of 

1. Vs ^ "71 ®* 'J^^ 4. s/iF5 

5. Find the side of a square field, whose area is equal to that of a 
rectangle 1800 yds. by 800 yds. 

6. The sides of 2 squares are 15 ft. and 25 ft; find the nde of 
another which shall equal the sum of the two former. 
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7. A rectopgnkr field meMoreg 64 ft. in Imgih hj 4g 1^4, hiiilll. 
what is the length of the diagonal?* 

8. A square field oontaina 8a. 8 r. 2^ p.; find Urn lengA of ih 
side in yards. 

9. The painting of a square area, at 7id. per ■quxe ymtd, coma It 
£22 15*. 7\d. ; find the length of the side of the sqiwre. 

10. Two sides of a triangle are respectiT^ 286-25 and 2i9'7S1t, 
also the altitude is 2} ft ; find the length of the 
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195. The following numbers most be fint TememlMfed: 
Digits, 1, 2, 8, 4, 6, 6, 7, 8, 9. 
Cubes, 1, 8, 27, 64, 125, 216, 843, 518, 729: 
and it will be observed that no two of these cubes end with the mae £m|: 
hence, if a given number be a perfect cube, tha last fi^oie m ite rast 
may be known. For instance, if a cube number end in ^ its cube not 
endR in 7 : if the number end in 2, its root ends in 8. "Rnrwlbwliiii of 
this fiu;t is often of service. 

According to the method of (181), we learn that the cobe iqo| 

of 1 is 1 

„ 1,000 „ 10 

„ 1,000,000 „ 100 ftc. kc 
hence, if a number lie between 1 and 1000, «. e. have not moxe tiun 
three figures, its cube root is between 1 andlO, or has not mece than one 
figure. 

If the number be between 1000 and 1,000,000, u e. baTo not man 
than six figures, its root has not more than two figures: and if the nmnber 
have not more than nine figures, its root has not more than three figures. 
So that if over every third figure^ beginning at the units' plaoe^ * 
point be placed, the number of points will show the number of figures in 
the cube TVH>t» 

SimilAriy, since the cube of *1 is -001 

therefore the cube toot of *001 „ '1 

SoaUx \XX\001 „ -01 

-000,000,001 „ -001 ftc. fte. 

It he»o« appMirt that the number of places in the cube of ai^ decimal 
mutt always be M«ae multiple of 3 : and if the number of plaooi in any 

• SM XfVealU, Xett to Jffl Jtaite. 
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decimal^ of which we have to find the cube root, be not a multiple of 8, 
it must be made so by appending dphen: we therefore commence point- 
ing at the units' place, and point every third figare to the left oyw the 
integers ; and. to the right oyer the decimals, if there be any. 

The followijig Rule, called Horner's method, though at 
first difficult for a learner, yet has the merit of exhibiting all 
the work in a. very convenient form, especially when the 
given number is large. But the proof of it would be out of 
place here, as it involves some knowledge of the Theory of 
Equations. 

BuLE. I. Divide the given numbex' into periods. Find 
the greatest cube number which is not greater than the first 
period. Subtract it from that period; place the root of the 
number in the quotient, and form a dividend as in Square 
Boot. 

II. To the left of the number, and at some distance 
from it, place two columns (A) and (B). Under (A) insert 
three times the root, and under (B) three times its square. 
Annex one cipher to (A), and two ciphers to (B), and with 
(B) as divisor, find the next figure in the quotient. 

III. Add this figure to (A); also add to (B) the product 
of (A) by the last figure in (A); and multiply the sum by the 
last figure in the root^ to form a subtrahend ; subtract this 
from the dividend^ and bring down one period. 

lY. Under (A) place twice its units' figure, and under 
(B) the square of that figura Find the sum of the last two 
lines in (A), and of the last three in (B), and again annex one 
cipher to (A) and two to (B). With (B) as divisor, find 
another figure in the root, and proceed to form another 
subtrahend, as in (III.) of this Rule. 

Obs. Here, as in Square Root, the divisor often gives 
upon trial too large a quotient. But in woiking examples 
in Algebra by it, there is no such liability to errov. 
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IfHL TIm &DowiDg Example wfflUfiMDid to csfloiflifytlik Sale; 
tmd tlM'fiiiM ba^B hma written widelj, to indBcate the maooemtn ft y 
from (A) to (B), and from (B) to tbo mbtralieBda. 

A B 2l7ir6a»' {fHi^ 
€0 _8 

JL ia)0=total diviwr) 13717 

07x7 s 4«9 

li. iaSK7 « 11^88 

eiO 49 

_9 218700 ;20816S9 

«19x0 ss 7871 

226071x9 a 20S4689 

Snce the first figure In the root ia t,l place 8 xS, or 6, mider (A) 
and 8 X 2P, or 12, nnder (B), annex one dpber to (A) and two oqpiicn to 
(B). Using thia 1200 aa a divisor, I baye 7 as tbe aeoood Hgun iniba 
root^ which I add to (A), making 67, and to (B) I add the prodnet of 
this 67 by 7, viz. 469, making 1669 : 1 multiply this 1669 by the same 7, 
m^lriTig a subtrahend 11688, and obtain a dividend 2084d89. I mow 
place nnder (A) twice its last figore 7, and oidsr (B) I place 7* or 49; 
I now add the last t¥fo lines in (A), making 81, and the last ihrm Hnv 
in (B), viz. 49, 1669, and 469, obtaining 2187; then annex one cipher to 
(A), two ciphers to (B), and making this 218700 In (B) as n dMaot, I 
obtain a figure 9 in the root I now add this 9 to the 810 In (AX aad 
multiply the whole of it, or 819, by 9, making 7871, then add it to (B), 
making 226071 ; lastly, multiply this by the same 9, pladng the product 
as a subtrahend. If there had been any more periodic I shoidd haye 
commenced fuming a fresh diyisor, as in (TV.). 

197. The observations which were made upon the ex- 
traction of the Square Koot of Fractions in (193) 9!pfHy also 
to a similar use of the Cube Boot. 

Just as the number in the side of an area of square form 
is found by extracting the square root of the number repre- 
senting the area : so the number in the edge of a volume of 
cubic form is found by extracting the cube root of the num- 
ber which represents the volume. 

I will work one or two Exs. to illustrate the application 
of Cube Boot. 
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Ex.iy. Abeatniadft. 9iii.loiig,2it. Sin. broad|«nd0iii,ihick; 
required the tide of a cube of eqtuJ oapMity. 

Working firaotidnaUy, we have 

Solid oontoit of beanis6f ft. x SJft. x {ft, 

V729 9 

thftMfbre fedge of fli« Dube^fc W ^ mL ft. :ftB- Un. feet^SI linear ft. 

Ex. V. Find the area of any one of the dk Mir&ceB o£ a eabe 
containing 11 caUofeet> 675 onbio Snohnik 

To find the area of this suifaoe, I must find the edge of the onbe, and 
SqtUtfe it Beducing the cnbio feet to inches, I have 

volume of cube =s 19683 cubic inches ; 
therefore edge of the cubes ^19683 » 27 linear inchess2 ft. 3 in. ; 

and areaof thtsidelnsq. ft.!«(2i)>:is^^y=r|i=:5^ 

aiSSi). ft. dpT, ^sq.in. 

&. Vt, Assuming iiiat the Yblume of any cylinder equals its 
length X area of its base, find the yalue of this area in a t^liiidrical ^iHre 
50 feet long^ and made out of avqutte iB«h plate of tMtal H)5 inches in 
thickness. 

Here, since area X lengths whole volume of metal 

s 1 sq. inch x thickness of the plate ; 

or, since areax50ft.c:l sq. inchx *05 inches; 

thersftirb areasb » " ^ • < ^ . • 

50x12 in. 

•05 . , 

*20X12 ■* "**•• 



(multiplying numerlitor\ 5 . , 

and dsnoddkiaior by 100/ * 5000 x 12 ^' ^^^ 



sq. inches. 



12000 



ElQIri 64b BfcthkOl i^t Oube Boot of eadi of the folloleing 
numbers:-^ 
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1. 42875 5. 42{ 9. 77*854488 

2. 970299 . 6. 1867i^V 10. 284890-812 
8. 6539203 7. 2345AV 11* 1884*688801 
4. 82798729601 8. 423987tH io '000405224 

^^' -064 • 

Find the yalue (to 2 plftoes of deoimftls) of 

13. 4^ 14. ^155 15. ^84^5 1«. //^ 

17. Find the edge of a cubical box containing 18824 solid indM. 

18. A cistern is 72 ft. long, 24 ft; broad, and 27 ft. deep: find tlM 
edge of a cubical cistern of the same oontoit. 

19. Find the length of the edge of a cube which oontains 94 ydi 
14 ft. 1088 inches. 

20. Find the whole surface of a cube which oontaina 15 aoUd M 
and 1080 solid inches. 



TO EXTBACT ANY BOOT WHATEVEB. 

198. Upon the same principle as the Cube Hoot Bole 
given above, is the following Bule for the. extraction of any 

root whatever. 

I. Divide the given number into periods, each containing 
as many figures as the index of the root to be extracted 
Find the root of the first period, and place it as a quotient 

II. Form, at equal distances from each other, colmuns^ 
called A, B, C, <fec. equal in number to the above index; and 
consider the first period in the given number as the head of 
the last column. Under that to the left, place the figure in 
the root; under the next, the square of that figure; vnder 
the next, the cube, and so on. The highest power of this 
figure will Ml under the first period; subtract it from, that 
period, and form a new dividend as usuaL 

III. To find a trial divisor : — Under (A) again place the 
figure in the root, multiply (mentallj) the sum hy this root; 
but plaoe the product under (B), not under (A) ; add the two 
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lines in (B), multiply the sum by the root, aii& place the 
product tinder (C); proceed in like manner to the last colv/mn 
which stands before the proposed number. 

Commence at (A) precisely the same process, and continue 
it to the last ooikmrn hut one; again continue the same pro- 
cess, dropping a column each time, till only the first one is 
employed. Now annex one cipher to (A), two to (B), three 
to (C), and so on; and make the result of the column, which 
precedes the proposed number, a trial divisor of the dividend, 
thus obtaining another figure in the root. The subtrahend 
will be obtained presently. 

lY. The next trial divisor is obtained by forming a 
series of products with the new figure, of precisely the same 
kind as those obtained from the former figure. Also, in 
forming the first row of theso new products, the last one to 
the right will be tha subtrahend from the lately formed 
dividend, and will after subtraction furnish a new dividend 
as usual 

Ex. To extract the fifth root of 60466l7d. 
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6 
8 

9 

12 

150 
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156 
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18 

27 
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54 
86 



27 
_81 

108 
162 



81 
824 



E 

6046617^ (3^ 
248 



9000 
936 

9936 



270000 
59616 

829616 



4050000 
1977696 

6027696 



) 36166176 
8616617ft 



In the above Ex. it may be seen that the first figure in the root, 
viz. 3, must be found by trial, as in Cube Boot. Under the five columns, 
A, B, C, D, B, there have been placed, 8, 8« or 9, 8' or 27, 3* or 81, 
8^ or 248, this last power being the subtrahend from the firet period. 
Also, this figure 8 has been added to (A) four times; each successive 
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result hftf been multiplied bjthii figure Sy and the psodvoto addadto(BJi 
In like manner, of the three reeults aimilariy fonned in (B), the first tve 
have been multiplied by the root figore^ and the prodncta oanied to (Ql 
The result of the first addition alone in (Cf) baa bassi auiltiplied sad 
carried to (D). The results of the oolomna are now Ifi, 90^ 270, 405, 
and with the ciphers added become 150, 9000, 270000, 4050000, whicb 
last, taken as a trial divisor, gires 6 as the next figure in the xoot* 

To find a subtrahend, we proceed through the first steps wiiiohiiOoU 
be necessary if we had a third period, and were nhUiaiMkg ^»MHhqr tnl 
divisor. 

Shew that 25 is the fifth root of 9765625, and 27 the sixth reot of 
8S7420489. 

EzB. 65. Q. 

1* Explain the process of finding the mnm of an dfatknig^ tha dda 
whereof contain any number of feet and inches. 

2. Explain by figures the nature of the products when feet an 
multiplied by feet, feet by inches, inches by inches, &e. down to twdAbi 
of an inch. 

8. £lnd how much money must be paid for £10800 atook at 841 
and 2i, 6d, per cent, brokerage. 

4. A mixture is made of 40 lbs. at 8s. M., 44 lbs. at 8«. lOld,, toA 
55 lbs. at is, 6d, ; what wiQ be the gaiu per cent, if the miztnre he suU 
for £39 4«.t 

5. What is the interest of money invested in the 3^ per cents, at 89f ! 

6. An inclined plane 3 miles loug has a total rise of 212*15 ftei; 
find the rise per yard in decimal parts of an inch. 

7. Beduce to a simple fraction the ratio between the sum and differ- 
ence of these expressions : — 

(i+l)x(i+4)«id(|-|)x(}-j). 

8. Form the following product, (17 ft. 4 in.) x (18 ft 7 In.), by 
Duodecimals, and by Fractions. 

1 1 /- 

9. Shew that ~7^ = ^ a/3 ; which is the simpler of the two, and why! 

10. Find the square roots of 6424*0225 and of ^Z^ 

11. What is the soUd content of a box, of which the h^ght, length, 
and breadth are respectively 3 ft. 2 in., 5 ft. 4 in., and 2 ft. 7 in. f 

12. What is the true discount on a 4 months' bill lor £1S1 7i., 
drawn on January 1st, and discounted on the 20th of February, at 4) 
per cent. ! 

13. An article which sold for 50 guineas caused a lois eC 5| per 
cent., what should it have fetched, to produce 71 per cent, profit t 
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francs for 10 florins^ and between London tad AmtUafdata, be 12*15 
florins for i61 Sterlings trhai is ike nte of exsiuuige betif*een Loudon and 
Paris? 

R. 

1. State two numbers between 1 and 100, sudb th&t the first has 
exact square and cube roots, and the second has exact sqtiat^ and fourth 
roots. 

2. If a cubic Ibot of air weighs 1^ oz,, wh&t is the weight of air 
Contained in a room 25 ft. 6 in. long, 16 ft. b^ad, and 10 ft. 9 in. high! 

8. A cubical block contains 24 ft. 1403 in. i find its edg«, aAd the 
area of its 6 sides. 

4. Eind th« valae of ^^SH; and of i^l63^ to two places of 
decimals. 

6, What is the extent of surface of a coyered box, of which the 
dimensions are 5 ffc. 10 in*, 3 ft 6 in., and 7 ft. 2 in. ? 

6. If the painting of a room 9 ft. 6 in. high, l5 ft. d in. long, and 
10 ft. broad, come to £5 7«. dd. ; what will be the expense of painting 
another of which the length, breadth, And height are 18 ft. 2 in., 11 ft. 
7 in., and 12 ft. 8 in. I 

7. If 5000 rupees produce £505 is, 2d., what is the rate of ex* 
change between England and the East Indies t 

8. If bj selling goods at £2 5i. I lose 15 per cent., what would be 
the loss or gain per cent, if the price were £2 18«. 6(2. ? 

9. The sides of two square pieces of ground are 360 yds. atid 160 
yds. ; find the yalue of the latter, if the former be worth £300. 

10. Bailway shares which were purchased at a premium of 50 per 
cent, and sold at a discount of 25^ per cent., produce a loss of £7550; 
how much money was inyested ? 

11. The length of a rectangular field is 12 cluuns 85 links, and the 
breadth is 10 chains 75 links ; find the number of acres contained. 

12. A square field contains 9 a. r. 4 p. ; find the length of its side 
in chains. 

13. If I of a debt be due in 8 months, ^ in 4 months, ^ in 6 months, 
and the remainder in 10 months ; what is the equated time of payment I 

14. Explain the meaning of the term *' Fractional Quotient. '* 

s. 

1. A person employs 6 men for 5 days at 8 hours each, and 5 
women for 6 days at 10 hours, at the respectiye wages of 4(1., and 2^(2. 
per hour; how mudh must he pay themf 
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2. Plndtheniimberofmen inaridaof asqiitre^ if wheadn^rniip 
in nuk and file they number 81 by 86. 

8. Bednce to the aimplest form ({ of { of 1^) -^ (2| cxf 8f). 

4. The discount on £158 dae half a year henoe is £3, -mhai is the 
rate of interest? 

5. In what time will £750 amount to £918 Iffi. at 4| per cent 
Simple Interest? 

6. How many years* pnrbhase should be paid for fireebold prop erty 
to produce 5} per cent. ? 

7. What is the value of a perpetual annuity of £60, redconiiig 
money worth 4 per oent. ? 

8. A testator bequeaths £500 to A, £800 to JB, and £450 io C,hat 
his estate only produces £600 ; find each man's share. 

9. A cubic foot of water wdghs 1000 ox. ; what is the weight of 
water in a full cistenii the dimensions of which are 7 ft. 6 in., 5 ft. 2 iii*i 
and 8 ft.? 

10. The mercury in a barometer rilMS uniformly from 20 '15 to SOTS 
in 12 days ; find the ratio of the daily rise to the average height. 

11. A square field has a diagonal 160 yards long; find the ai«a of 
the field*. 

12. If a solid foot of gold weigh 1260 lb. 8 oz., and a soHd foot of 
cork weigh 15 lb. Troy ; how much coric will weigh as maxih. as 1 inch of 
gold? 

13. A cubical mass of metal, of which the edge is 8*85 inches in 
length, is drawn out into a wire, of which the area of a Bection is '561125 
square inches ; find the length of the wire. 

14. Shew how to make any number a complete 2nd, 8rd, 4ih, &a 
power. Ex. Find a multiplier which shall make 75 a perfect cube. 



* See AppendiZi Ifote to Art Ratto, 
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SCALES OF NOTATION. 



199. It will often have been obeerved that each figure 
in any number has ten times the value that it would have 
had, if it had been one place to the right The selection of 
this number ten has arisen from its being the number of 
fingers on the hands; and hence has arisen the use of the 
term digitSy for the Arabic figures, 0, 1, 2, 3, 4, ff, 6, 7, 8, 9. 

Hence 10 is called the Radix of the common Scale* of 
Notation, and the scale itself is called the denary scale^ from 
the Latin distributive numeral deni, in tens. 

If any other number be chosen as the radix of a scale^ the 
new scale derives its name from the corresponding Latin term. 
ThoB, If the radix be 2, the scale is called the Binairy, 
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In the two latter tcalee, nnoe 11 and 12 digits are required, therefore 
the letters t and e are used to indicate ten and eleven. Multiplication in 
the duodenary scale is really Duodeeimals. 

'200. We have to shew how to convert any number in 

the common scale into another scale; and conversely. 

Now it will be easily seen that any number, as 5372, in the 

common scale, can be written in the following algebraical form, 
COOO+800 + 70+2, or5xl0»+8xl0«+7xl0 + 2. (I.) 

• The tenn 8«le hai heze the meaning of the word Soaui, a ladder, whereby we, as 
it were^ oiofMt fkon kmw to higher numbers by steps of la 
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And if 8 were the radix of the scale in wliioh ibis said 
number 5372 was arranged, the digits of whiok it is oompoeed 
wonld be different; and i£ (i,bf e^ d represented tihese new 
digits, which I do not yet know, I should have 
cix8>-f&x8S'Kex8'K<l»5871 (H.) 

Now, in series (L), we may obserre that If we dfrlde hy the 

j 
radix 10, we shall have as quotient 5 x 10' + 3 x 10 «!- 7 + rjr; 

i, e. jTt IB the fi»c^ part of the quot*, or as we oommcmly 

express it, 2 is the rem'; i. «; the last digit of i^ xrambsr in 
scale 10 is found by dividing the entire number hf tk 
radix 10. Also, if we continue sooeessiTttly to dMde ih« 
quot* 5 X 10* + 3 X 10 -(- 7 by 10, we shall get as reitf^ 7, 3, 
and 5; i«. the successive digits firom light to left aM otaia* 
ed by dividing by the radix, until there be no dividend left. 
So also, if we divide the lefb-hand side of (II.) by the new 

radix 8, the quotient isax8' + 5x8 + c4-^ or tiie remain- 

o 

der d is the last digit, as 2 was, just above. Now the two 

sides of equation (II.) have of course precisely the same valuer 

and since when I divide the Z^-hand side of (II.) by 8, 1 

obtain the last digit in scale 8, therefore I shall obtain the 

same digit by dividing the right-hsaid side 5372 by 8. 

S ) ax8»+&x8«+cx8+c g S) 5372 

8 ) ax8»+5x8 +e + ^or rem* d S) 671 - ^of remf 4 

8; ax 8 +6 +1 » c 8 J 88 . I ' " 
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Plaoiog tha two quantitaai in «qMtioiii (II.) in panSkSL oohmm% and 

d 

dividing both, by 8^ I obtain as quotients, ax8*+5x8+e+g9 and 671|. 

Hence the qnotients ax 8*+5 x 8-1-^ and 671 are equal, and the rem" d 
and 4 are equal; i,e, the fint of the new digits to the right is 4. The 
eecond diviBion by 8 gLYW equal quotients, Tiz. a x 8 + 6= 83, and a rem' 
est 7, The next giyes quotients a and lOreepectiTely, and a remF &»$. 
Henoe the values of a, b, e, d, are 10, 8, 7, 4; but sinoe in the scale of 8 
there can be no single number a^lO, I therefore divide the 10 still fur- 
ther, till I obtain two more digits, 8 and 1, in place of the 10, and the 
entire number of digits will be 1, 2, 8, 7, 4, Ac ; and it now appears that 
there will be 5 figures in the number 6872 whoi expressed iu the scale 
of 8, and the number will be represented by 12874. 

And we can reconvert this number into the denary scale thus ; it 
equals 

1 X 8^+2 x8»+8x 8^+7x8+ 4 (IIL) 

»4096 + 1024+192+56+4 
b5372, as before. 

Hence we learn that if we have to transfer a number 
&om the denary atisle to any other scale of notation, we have 
only to divide the proposed number by the new radix, till 
there is no integral quotient. The successive remainders 
will be the new digits, the first one filling the imits* place. 

The process of reconverting from any of these new scales 
to the denary is shown in (III*)* ^here the number 12374 in 
the octenary scale is restored to the denary, giving 5372. 

The fact that 5372 in the scale of 10 is equal to 12374 in 
the scale of 8 is thus biidSy exhibited; 

(6372).. = (12374),. 

201 . We have now seen how to convert from the denary 
scale into any other scale, and from any scale into the denary. 
But if we wish to change frtna any one of the new scales 
into any other one, as for example^ from the scale of 5 to that 
of 7, we must first change from the quinary to the denary, 
and then from the denaiy to the septenary. 



i 
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Ex. Change 84201 from the qwaarj Male to the nnptwiarj. 
"FixBt, coDYertiiig (S4201)b into the denaiy scmle^ I hswe 
(84201)a=8x6*+4x5»+2x6«+0x6+l 
= 8x625+4x125+2x25+1 
-=1875+500+50+1 
= (2426)x. (IV.) 

7 ) 2426 ■ Now, oonyertiDg 2426 into the septenAiy 8oal«^ io> 

7 J 846 - 4 cording to (200), as in the maigin, we have as the new 
7) 49 - 8 digits, 1, 0, 0, 8, 4, or (2426)i,=. a00S4)r. And thii 
7JJI - equality may be proved by the leoonvendon of (1003^ 
7)1 - into the denary scale ; thoa 
0^- 1 (10084)7=lx7*+0x7»+0x7«+8x7 + 4 

=2401+21+4 
= (2426)i,. 
Hence, we have (84201)5= (2426)io= (10084),. 

Ezs. 66. 

1. Change 845 from the common or denary scale to the binary. 

2. t, 10101 from the binary to the denary. 
8. „ 1875 „ denary ,, ternary. 

4. „ 89^4 ,, nndenary „ quinary. 

5. „ 14328 „ nonary ,, septenary. 

6. „ 7854 „ denary ,, duodenary. 

7. „ 8^45 „ nndenary „ binary. 

8. ,y mil „ binary „ denary. 

9. „ 4444 „ duodenary,, quinary. 

10. „ 21021 „ ternary „ senary. 

11. Add together in the senary scale, 25841, 5423, 4021, 18450. 

12. Find in the duodenary scale the value of 89^36e— 4567<. 

18. Express the result of 187^56 x <4789 in the duodenary scale. 

14. Find the quotient of 18763-7-456 in the nonary scale. 

15. Find the area of a floor 15 ft. 11 in. by 7 ft. 9 in., by multiplying 
in the duodenary scale. 



202. It is a very good exercise for pupils to be able, 
without using any specific rules, to work examples which are 
generally wrought by rules; or, as it is sometimes expressed, 
to work them according to the principles of common sense, 
of course employing the four Simple and Compound Bules^ 
and Ileduction. 
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The most favourable examples for this exercise are those 
geiiei*ally wrought by the Kules given in Simple and Com- 
pound Proportion. But here, as in (133)^ I will not assume 
proportionalify in the quantities involved. 

Ex. I. If 9 men earn £15 lOf. in 8 monthsi or 18 weeka^ what does 
each man earn per week? 

If in 18 weeks 9 men earn 810«. 

then, m 18 weeks 1 man earns -^s, 

9 
• n 1, 1 *!. 4^ 810 

or m 1 week — th of -^t. 

310 « ^,,, 
or — #. or 2a 7iid, 

Ex. II. If £240 be paid for bread sufficient to serve 49 persons for 
18 months, when wheat is 48«. per quarter ; how long will £285 find 
bread for 92 persons, when wheat is 56$, per quarter f 

At 48#. per qr. £240 will serve 49 persons for 18 months, 

„ £1 „ 1 person for months, 

49 X 18 
and at 1«. per qr. £1 ,, 1 person 48 times m. 

TT X r/, i*H t 48 49 X 18 

Hence, at 66#. per qr, £1 „ 1 person -^ x ..^ months ; 

j*o9K OO 235 48 49x18 

£285 „ »2persons — x^gX-^^m. 

or, 8^^ months. 

This question worked as a Compound Proportion Example, according 

to (140), would furnish the following statement^ 

£240 £235 

92 men : 49 men :: 18 months^ 

668, iSs, 

. . . _xvx ij 235x49x48x18 ., 

and the fourth term would= x 92 x 56 ™°^*'^* 

the same as before. 

Ex. III. Find the present worth of £169 ISs, id,, due 15 months 
hence, at 5 per cent. 

Here £100 in 15 months at 5 per cent, produces £6 5«., or amounts 
to £106 58. 



SIO XALEB OF VOTATIOir. 

ii. tlM ptmmt worth of £106} ia £190, 

and .*. of £169 ISf. id., or «f £16»H» ^ ^^^H^^^^ A 

fh6 residt which woi:dd be obtaitied by h BtefceaiMiti Moh tli in (149). 

Ex. lY. If 7 men oan do a pieoe of work in IS^ days, in whIA tinM 
will 8 men and 7 bojsjlo the same^ reckoning a boy's labour worth 

g that of a man I 

7 boys =s 2 of 7 men ; 

.*• 8 m^ and 7 boys= [8 +g of 7 ] msiv«(8+4|) men =121 men. 

J^oiw, if 7 men do the work in 15( day^ 

1 man will do it in 15|x 7 dl^r<^ 

A 12fm«n „ *i^^^^3^ 
or, in — ^ dayi^ 

T 

4 

or, "1 ^D- X 1 X ^^ days, or -j days, or 9J dayi. 
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EASY inSCELLANEOUS EXAMPLES. 

1. In iSlOO How many {Aastres at 8ff. 7d, eadit 

2. What will be the expense of carpeting a room 28f feet l6ng, and 

16^ feet wide, at 2«. ^. per square yardt 

4 
8. Express the sum of the fractions m, f of fj^ and j^ by afirac- 

tion in its lowest terms. 

4. What snm irall disofaarge a debl cf 456 St., an abaftemeni of 15 
per cent, being made for present payment? 

5. What will the carpeting of a room 16} ISasi tquM amomil to^ 
at is, lOld, a square yard? 

6. If a l»ick be 9 inches long, 4 wlde^ sod 8 thick, how many will 
be required to build a wall 1 foot 10 inches thick^ 100 yaids long, and 
4} yards high? 

7. An estate of 750 acres, which pays an average rent of £1 12t. M, 
an acre, is burdened with a mortgage of £2500, for which interest is paid 
at the rate of 4 per cent, per annum; what is the dear rental of the 
estate? 

8. Bednoe f of (6} -f 2}), and ^Tf i^f i? to thdr rimplest forms. 

9. A, who trayels 3} miles an hour, starts 2} hoxaa befisre JS, who 
travels the same road at the rate of 4| miles an hour; when will £ over- 
take il? 

10. Extract the square root of 81144064 and of } to three places of 
decimals. 

11. Add togeth» A ^ H of a guinea, fof a shilling, and^ of half- 
a'Crown. 

12. Beduce % of 7} of 16} yards to the fraction and decimal of a 
furlong. 

13. Find the breadth of a room, the length of which is 17} feet, and 
the area 250| sq. feet. 

14. How much money must be invested in the 3 per cents, at 84 
to produce an annual income of £150? 

15. What fraction of £3 10<. u £2 5t. 6d, ? and reduce the result to 
a decimaL 
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16. How miiiy eabio fset and inoh« an ibt&th in a aoUd, wltoie 
breadth ia 9 feet 3 inehea, longth 11 feet 5 indhaay and beiglit 8 ftek 
2 inchea! 

17. Fmd the ooat of 2627 aacka at 7t. ^d. per aaek. 

18. Fiod the prioe of a peoe of wainacotiiig 7 ft. 9 in. long, aad 
9 ft. 3 inchea broad, at 2i. per ft^ 

19. What ready money will diaeharge a debt of £85 dne 6 montli 
hence, if an abatement be made at the rate of ISt. id, per cent, pff 
month! 

20. What 18 land let for per acre, when the rent received for 66 
acrea, 8 rooda, 17 perchea, ia £85 fit. S^d.^ 

21. What length of carpet f yda. wide wQl oorer a room whw 
length ia 42 ft. 5 in. and breadth 81} ft. ! 

22. How much money mnat a peraon inTeat in the 8 per oenta ik 
90} to produce a half-yearly income of £50! 

28. A oabio foot of water wdgfaa 1000 oimoea aToirdnpcna ; what ii 
the weight of a cubio inch in ouncea! 

24. Gooda are bought for £193 12i. and aold for £217 18t.;' ^iM 
waa the gain per cent.! 

25. If 6 horaea in 2 days of 12 honra each plough 17 aana, bflv 
many roods will 2 horses plough in 8 hours ! 

26. Find the o. o. M. of 86*595 and 57*980. 

27. Extract the square roots of 202500 and '000576. 

28. If the length of the year be taken at 365} days, instead of 
865*242264 days, which is the true length, what will the oror amount 
to in a century ! 

29. Bought a quantity of goods for £150 ready money, and soU 
them again for £200 payable } of a year hence, what waa the gain in 
ready money, allowing discount at 4} per cent. ! 

30. If diBcoimt be treated as interest, find the gun in the last 
question. 

81. If the expense of 3 persons on a toar of 5 months be £815, how 
many persons will spend £378 during a tour of 9 months ! 

32. If 2 tons, 3 cwt 8 qrs. be bought for £112 10«., at what rata 
per cwt. must the article be sold, so as to clear 50 per cent. ! 

83. How much stock must be bought at 88) per cent, in order that 
by selling out when the stocks are at 90}, twenty guineaa may be 
gained! 

84. Find the valae of f of If of 12}, and divide the result by ISf 

85. Find the value of '27 of £1, and reduce 13 lbs. 15 os. to tbe 
decim&l of a cwt. 
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S6. Wliat sum of money bdd oat in the 8 per oenta tkt 8d^ will 
give an income of £501 

87. Add together 8-14159, 16*821, •02, 4*59241 ; and divide the 
sum by 7500. 

38. The weight of a cubio foot of water is 1000 ounces ; find the 
weight of water necessary to fill a cbtem whose length is 4 ft. 6 in., 
breadth 8 ft., and depth 4 ft. 

89. Find the difference between the amonnts at simple and compound 
interest, of £895 168, for 2 years at 8^ per oent. 

40. What wiU be the expense of boarding the floor of a room, at 
2b. 1|<2. per square yard, the length of the room being 21 ft. 10 in. and 
the breadth 18 ft. 4 in. ! 

41. What is the expense of a diagonal drain in a field 100 yds. long, 
and 80 yds. broad, at Is. Zd, i»er yd. 

42. At what rate per cent, will £625 amount to £765 12«. M, in 
5 years, simple interest? 

48. What fraction of 8 half-crowns is 8it. ; and what decimal of £1 
is f of 2 guineas! 

44. A person earns £175 a year, and pays an income-tax of 14(1. in 
the £ ; what is his net income? 

45. If 4 acres of land will maintain 6 horses for 8 weeks, for how 
long will 10 acres maintain 12 horses! 

46. If 3 lbs. of tea be worth 8 lbs. of coffee, and 8 lbs. of coffee be 
worth 10 lbs. of sugar, how many lbs. of sugar can be got for 15 lbs. of tea? 

47. If I lose lid, in Zs, id, how much is that per cent. ! 

48. Find the true and ordinary discount of £85 for 16 months at 5 per 
cent. 

49. If 14 horses eat 56 bushels of oats in 16 days, how many days' 
consumption would there be in 120 bushels for ^0 horses! 

50. A person, who was owner of } of a copper mine, sold { of his 
share for £1800 ; what was the value of the whole mine? 

51. At what rate per cent, will £956 amount to £1814 10«. in 7^ 
years, simple interest? 

52. If I oz. (Avoirdupois) of an article cost •( of a shilling, what will 
§ lb. of the same cost! 

53. If 850 men are besieged in a fortress, and have provisions only 
for 3 months, how many men must leave the fortress, so that the rest 
may have provisions for 5 months! 

54. A g^Ueman bequeaths £12,000 to his three sons A, B, and C: 
to il a sum unknown, to B twice as much as to il, and to (7 as much as 
to A and to B, What had each son! 
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S5. IF 8 cannon in 1 dajBxpend ii baireli of powder, m how nuiij 
days will 24 cannon expend 316S barrels! 

E9. If the carriage of E cirt. 3 qrs. for ISO miles eoat £3 9i,, wlut 
niUBt be paid fgr tlis caniago of 7 cwt. 2 qre. 2S lbs. fbr 6i Uulea at llui 

67. In nbat time wilt £517 IBs. araount (o £629 ISt. 3J. At S pa 
cent, per annum ) 

S3. What prindpal pnt ont tn simple interest ford yeara wiQamODnl 
to £570 I6(- ^d. at 4 per cent, per annum! 

69. Find the troe diaconnt and presant north of £187 Oa. Gd, iw 
at the end of 3 jta, at i^ per cent. 

60. FiadthesmalleatnumbertliatcanbedlvidsdbjS, 12, IS>2t,27, 
without learingr any remain dera. 

61. What is the least number which taken fnan 387604 leaTes a 
remainder divisible by 70 ; and what is the Uait number which added U 
387564 giYES a sum divisible by 6S1 

62. Simplify the following- e:tpresaionB : 

37J-i of 15 ; and (37J-S) of 15. 

63. In 40 guineas how nmny seTentha of £1, and how mtny 
fiftoentba of 1 Bbilling! 

64. What fraction added to the sum of 1|, j of If, and 75, will 
amoont to 17|^1 

65. State what is neceaHaTyin compuing the magnitude of difilEivnt 
ftactionaj and hence find the comparative value of — , — , 5-, — , 

06. Arrange in order of magnitode, beginning with the lowert, the 
fractions J, }, 2 — -- ■ 

Shew that the simple fraction which exprsssea the value of j of 



Aof -i-, +1 of iU equal to } of f of J of SOJ, 

6a What fraction having 12 for its den' i« equal to — ' ^^| 

rectailP 



£1 

IB 

69. Shew, withoat assuminganyTfuZi^ tbattheareaof t^e 
whose adjacent eidea are GJ it. and Sj ft. = 10^ aq. ft. 

70. Shew by a diagram that 30^ aq. yds. = 1 aq. pole. 

71. Shewalaohy diagramathat (| ft.)*=l aq. £i,, and that ) ft. x I 
ft. = As(i. ft. 

72. Shew by a diagram that there an 640 acres in a square mile. 

73. From a square containing 1 acre there are subtracted 16 rent' 
■i;g7Jsr^!ot9, each £C'2 ydi. loDB, and lO'S jds. broad ; how iDUoh IB laftl 
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74. Aaraming that (t/S— ^/$ x (mJS+ VS) = 0—9, and Bimilarly of 
any other pain of niimben, find the value to three pkMses of dedmab of 

75. I pay away f of my money, and | of the remainder ; then } of 
what rei^ainfy and laitly, ^ of the original nun; what weiie the fiactienal 
parts remaining after the 8rd and the last payments I 

re. IMvide^0OOintheratioof7, lO^aadiau 

77. If 80 bushels of oats are eaten in 17 days hy 15 horaei^ how 
many day^ will 115^ boshela last 102 horsesl 

70. How many enbes, whose edges are 15 inches, eonid be filled 
from a full cistern 4^ fL kng, S| ft wide, and 8^ ft. diepl 

79» A and ^ do a pieoe of work in 7 days, whick A alone eould 
aQOomplish in 85^daya; ia what tpne would B do it by himseif ! 

80. What must be the poundage so that a person whose rent is 
ieiao ahall pay a raU of 4^8 2s. M. t 

81. What is the superfides of a onbe whose edge is 8) ineheat 

82. Tfaid the Tdlnme of the same cube. 

83. What number multiplied by f of i of 7} will giye as a result 8Hf 

84. The product of two numbers is 40, and the square of the less 
is 129^; required the numben. 

85. What would 5t* lOd. per day come to in a year! 

86. What is the prioe of 4108 articles at 2f. IIH! 

87. Fhid tiie cost of 1008 articles at 19f. n|(i.t 

88. At what rate per cent, will £165 gain £22 5$, 6d. in 8 years! 

89. In what tune will £55 12t. M. amount to £65 12f. Qci. at 3 per 
cent, per annum! 

90. Bequired the rate per cent, at which £250 will amount to 
£267 3ji 9(2. in 2| years. Simple Interest. 

91. What is the sunple interest of £265 10«. for 5 years 15 weeks, 
at 8 per cent., reckoning 52 weeks a year ! 

92. If linen be bought at Is. M, a Flemish ell, and sold at 2*. id. 
a yard, what ia the gam per csnt.! 

98. A house was bought for £580^ and seld ibr £570; what waa the 
gain per cent,! 

94, A giwoc l^QOfi^t. a QKCI& for £079 ifli addition to which they 
cost hun in keep 7i pec ami., el thianieaQy. He sells half of them for 
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£15 10«. each ; at what prioe each most he aeH th« rest, to gain 15 per 
cent, on hia entire outlay! 

95. If 1«. gain 2^. what is the gain per cent. ! 

96. Find the value of 8888 articles at £1 Of. Sd, 

97. What 18 the worth of 3808 articles at £1 19«. 7^2. f 

98. Find the discount of £415, due 9 months hence, at 6 per cent. 
Simple Interest! 

99. What is the present worth of £1281 5*., due 6 months hence, 
at 5 per cent, per annum ! 

100. What sum will amount to £806 5i. in 9 years, at 2^ per oeDi 
Simple Interest? 

101. Find the value of 5555 articles at It. ^jd, 

102. A man in walking takes *88 yds. each step^ and is 5 hrs. 24 min. 
in going a journey of 12*15 miles ; required the number of times he stopi 
in a minute. 

103. K an ounce of tea cost *175 of If. Sd.p how mnbh can be booglit 
for 8 guineas! 

104. From *725 crowns take 2*25 shillings, and reduoe the lemainder 
to the decimal of half-a-crown. 

105. What fraction of an English ell is ^ of an inch? 

106. From 22| take 1 1| ; and multiply the remainder by 5 times 7f 

107. If 2 cwt. of coal cost If. 11^., what will 12f tonf cost! 

108. A person in going a journey of 40*3 miles performs the fini 
14 miles in 1*7 hours; at what rate must he go the other party so as to 
complete the whole journey in 4*2 hours! 

109. Which is the greatest, and which the least of the following 
fractions, J, f, |, J, A? 

110. Find the value of 16J +2Jt+ 22^+174+ 3^. 

111. Divide the difference between li of 5| and 1|- of 6) by tbe 
product of f and 9. 

112. What fraction of a French ell is | of an English ellf 

113. Divide 15f equally amongst 9 persons. 

114. Beduce f|r to a complex fraction whose denominator is 9^, 

115. How many twelfths are there in 29^! 

116. The income-tax is 15d, in the poimd; what is that per oenif 

117. By selling coats at 19f. Sd. each, 5 per cent, is lost; wbfi 
abould they be sold at, so aa to gaan \(^ ^t <^«ixt.t 
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118. If ribbon be bought for 2i<i. per yard, and sold at 6ld; what 
is the gain per cent.t 

119. If a ship be bought for £7831 59. and sold for £8797 10«., what 
was the gain per cent.? 

120. What is the Talue of £3750 stocks in the 8 per cents., at 
87-1? 

121. How much money mnst be invested in the 4) per cents, at 
99 j, so as to yield an annual income of £360 ) 

122. What amount of 8^ per cent. Stock would yield £81 58. per 
annum! 

123. Find what decimal multiplied by 72 will express the sum of 
h A> *nd H. 

124. Find the value of 4107 articles at £9 9«. 9d. 

125. What is the exact discount on £5 12«. 9d,, dua 12 months 
hencci at 2^ per cent. ! 

126. What is the difference between the interest and discount on 
£75 18«. 9d, for 3 months at 5 per cent.? 

127. What is the gain per cent, by buying eggs at 15 for a shilling, 
and selling them at a penny each! 

128. What should an article which cost 8«. id. be sold for, so as to 
gain 15)- per cent. ! 

129. Find the cost of 4107 articles at £1 Os. ll^d. each. 

130. A cow was bought for £10 15*. and sold at a loss of 7} per 
cent. ; what did she fetch! 

131. If Is. gun Hd,, what is the gain per cent! 

132. A court-yard is 80 ft. 10 in. long, and 12 ft. 11 in. broad ; what 
will the paving come to at 16d. per sq. ft. ) 

133. Of what amount must I take |^ to produce a guinea t 

134. In 1851 the population of a town was 400,000; supposing at 
every decennial census it be found to have increased 20 per cent, on the 
preceding one, what will be the population in the year 1901 ? 

135. A man builds 12 cottages at a copt of £925, and lets them at 
£5 10«. per annum. One on an average is always vacant; and of the 
rents that are due he loses 7i per cent. If the yearly repairs cost f per 
cent, of the outlay, what rate of interest does he obtain for his money ! 

136. What is the commission on £4695 at 5a. 9d, per cent. ! 

137. What is the amount of *0125 per cent, of a population of a 
million) 

C. A. ^^ 
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15S. Thfl dot; OD uiet by suction wa» i>ac« 5 p«r cenL 
purchase-money, and an additional 6 per cent, on thia dn^; w\ 
tbo total coat of an aiiJda knocked down at £S1 1 

139. If St. 3d. gaJD Zs. lid., nbat is the gain per cent, t 

140. Find the cost ot repairine 7 m. 7 fur. 3S p. of » ro*^ 
£3 17s. i^d. per mile. 

111. Of what fraction murt I take J to recdve 1^7 

1 J2. A banker receivea in depositg £16250 a year, for which he p^' 

SJ per cent, year! jr, and he lets it oat at 5 per cent, payable half-year! j ; 

what will b« his annual profit t 

113. The price of 0625 lbs. of coffee being '46SS Bhillinss, what a 

the cost of -075 of a too ? 

141. How many brioliB will be required for a wall 25 yds. long, 
IE ft. high, and 1 ft. 10^ in. thick, each biiok hemg D in. loog, 4) in. 
wide, and 3 in. thick ? 

146. If the papering of a room S3 yds, ronnd and 4 yds. high cost 
£5 10a., what will be the cost of similarly papering another room, 34 ydi. 
round and 3} yds. high! 

1 K. Find the equated time of payment of a debt, of whi<^ } is doe 
In 4 monttiEi, J in 7 months, and the rest m S months. 

147. Find the side of a square area, the paying of which &t 4«. SJ. 
per sq. yd. eoat £56 0>. lOi. 

148. What must he paidfor paintingtheoutddeof aboxEJft. long, 
81 ft. wide, and 25 ft. deep, at li. 6d. per sq. yard! 

149. Eitract the cube roots of 6S319, and 4^-^ 

150. A square field contaiDS IE a. S r, SO p, ; God its ^e in chuni. 
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Exs. 67.' 

-MISCELLANEOUS EXAMPLES. 

1. What will be the net valae of a legacy of ^6383 6$. Bd,, after 
paying duty at the rate of 8 per cent, t 

2. Two clocks point to 2 at the same instant; one loses 7 seconds, 
and the other gains 8 seconds in 24 hours ; when will one be half an hour 
before the other, and what time will each clock then shew) 

8. A bankrupt owes 8 creditors £10,000, 10,000 guineas, and 
10,000 shillings respectively; but his property is worth only £7000 : find 
how much in the pound he will pay, and how much each creditor will 
receive) 

4. If 100 articles are bought at 8 a penny, and 100 more at 2 a 
penny; at what price must they be retailed so as to gain 25 per cent.) 

5. A vessel containing 884 gallons is emptied by 8 taps; the first 
and second together empty it in 82 minutes ; the first and third in 24 
minutes; and the second and third in 16 minutes; how many gallons will 
each tap discharge in a minute) 

6. How many square feet of board will be required to make a rect- 
angular box, of which the length, breadth, and depth are 8^ ft., 2| fUi 
and 1 ft. 2^ in. respectively? 

7. If a room be 82 ft long, 26 ft. wide, and 14 ft. high, what will 
be the expense of papering it at 8«. per square yard, allowance being 
made for three windows, each 10 ft. by 6} ft., and two fire-places, each 
9i ft. by 6 ft.! 

8. What sum of money must be paid down, in order to recttvo 
£360 10«., 2 yrs. hence, allowing 8^ per cent. Gompoimd Interest) 

9. Find the simple fraction which expresses the value of 7 4- sjoi, 

when divided by 61 times (3+ ^/8|). 

10. How many cubes, whose edges are } in. long, can be contained 
in a box, of which the base is 18 sq. inches, and height 7? inches) 

11. The volumes of spheres are in proportion to the cubes of their 
radii : the radii of two spheres are in the ratio of 4 to 5 ; and the weights 
of equal portions of the smaller and larger spheres are as 12 : 7 ; given 
that the weight of the smaller sphere is 256 lbs., find the weight of the 
larger one. 

12. At what time between one and two o'clock will the hour and 
minute hands of a watch make an angle of 60 deg;ceea m^\x «»«^ ^V^vsl\ 
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13. If a pound Troy of EngHsh sUndard gold ^ fine be worth 
£46 12f. Qd., what is the value of a ooin weighing 7 dwts. 11 gn., in 
which 924 parts in 1000 are pure gold! 

14. The wheels of a cart are 2} yards asunder, and the inner whed 
describes the circumferenoe of a cirde of radius 20 yds. : find the diffiar- 
ence of the paths of the wheels, having it given that the ciroamference 
of a circle =3*1416 times its diameter. 

15. Two men are walking in the same direotiony the distance between 
them at starting being 100 yds.; the first walks 45, and the seoood 
49 yds. in 50 steps ; how many steps will have been taken when they aro 
together t 

16. How much paper, I yd. wide, will be sufBdent to paper a room 
22 feet 5 inches long, 12 feet 1 inch broad, and 11 feet 8 inoiheB hig^! 
and how much will it cost at i|<2. per yard! 

17. A river 30 feet deep, and 200 yds. wide^ is flowing at the nto 
of 4 miles an hour ; find how many cubic feet of water run into the sea 
per minute ; also the number of tons, supposing a cubic foot of water to 
weigh 1000 ounces. 

18. A clock gains 3^ minutes per day; how should its hands be 
placed at noon, that it may point out the true time at 7^ in the evening? 

19. A person performs f ths of a piece of woik in 18 days; he then 
receives the assistance of another person, and the two together finish it 
in 6 days ; in what time could each do the whole work by himself t 

20. A tradesman buys goods for £189 IBs. 6d,, and sells them in 
6 months for £253 Os, Sd. ready money : how much is that per cent, per 
annum profit) 

21. If the value of £1 sterling varies from 25*15 francs to 26'75 
francs, what is the variation in value of 100 guineas? 

22. A person receives his rent, and after paying an income-tax of 7d, 
in the pound has £553 7^. Qd, left ; what did he receive ? 

23. A field of 7? acres is planted with potatoes in rows ; the distance 
between each row is 15 inches ; how many yards of potatoes are there 
in the field? 

24. Three masons. A, B, C, are to build a wall; A and B could 
together build it in 12 days, B and C in 20, and A and (7 in 15; in what 
time will they build it when they all work together ? 

25. If 3 miles, 4 furlongs, 93 yards be run in 6 minutes 4 soconds, 
how much is that short of the rate of a mile per minute? 

26. Multiply ?| by _^, and divide ^2^ by ^Sf. 
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27. The comparatiTe weightB of ooal and water are aa 1*12 and 1 ; 
also a cubic foot of water wdghs 1000 oz. ; find the edge of a oabical 
block of coal which weighs 2000 tons. 

28. The discount on £500 due 4 years hence is 250 marks; find the 
rate of interest. 

29. Shew what fi&ctor is wantmg in the number 82 to make it a per- 
fect oube. 

SO. Bequired the least number which multiplied by 64 wiQ make it 
a perfect 5th power. 

31. A sets out firom Cambridge to London (51}- miles) at the rate of 
8 miles an hour, and B sets out at the same time from London to Gam- 
bridge at the rate of 9]^ miles an hour; at what distance from each place 
will they meet) 

82. A tradesman marks his goods with two prices ; one for ready 
money, and the other for credit of 6 months : what fixed proportion ought 
the two prices to bear to each other, allowing 5 per cent. Simple Interest t 

83. "What must be the least multiplier of the number 225, so that 
the product may be a perfect cube f 

84. If the ratio of the diameter of a circle to its circumference be 
118 : 855 ; and if the length of rlirth part of the earth's circumference be 
69^ miles, what is the earth's diameter ! 

85. How much per cent, is 14«. 6d. of £3 10«. t 

89. A and B together can do a piece of work in 80 days ; .B by 
himself can perform the same in 70 days : in what time could A finish it 
by himself; and how much niore of the work does A do than B\ 

87. The sun's longitude is increased by 860 degrees in 865 d. 5h. 48 m. : 
what is his average duly motion 1 

88. Simplify the following expression, leaving one surd in the numer- 
ator of the resulting fraction : — 

89. A and B can do a piece of work together in 80 days; A does 
i more than B ; in what time Can they do it separately? 

40. Find the square root of the sum of the squares of % *4, *6, '86. 

41. If an acre of land be bought for 6cL per foot, at what price per 
yard must it be sold to gain £186 2ff. 6(2.? 

42. From a rectangular plank 1 foot broad and 2 inches thick, what 
length must be out olff to be worth 25$,, the value of the timber being 5«. 
per cubic foot! 
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48. Simplify thofoUowiDgezpreadoiii:--- 

44. find the valae of 8-r \/iO to four pUoee of deoimala. 

45. If the volome of a cylinder be obtained firom this product, 
height X area of the base ; find the area of the base of a oylinder whereof 
the Folome is 1 cubic foot, and the height 7^ inches. 

46. Compare the volomeB of two cylinders whose bases are in the 
ratio of 8 : 4, and altitudes as 5 : 6. 

47. A person rents a piece of land for dtL20 a year. He lays cot 
£625 ia buying 50 bullocks. At the end of the year he sells them, haviDg 
expended £12 10«. in labour. How much per head most he gain by 
them, in order to realize his rent and expenses^ and 10 per cent* on his 
original outlay f 

48. A cubical box contains 87 solid feet and 64 solid inbhes : find (1) 
the number of linear inches in the edge ; (2) in the diagonal of eadi fkoej 
and (8) in the diagonal of the hox,-^{See Appendis^ Note to Art, Batio,) 

49. A person finds that his net income, after deducting the inoome* 
tax of 7d, in the pound, is £283 ; find the amount of income. 

50. A pile of cannon shot has a rectangular base, the sides of which 
contain 7 and 6 shot respectively; find the number of shot in tlie whole 
pile. 

51. What is the unit of measurement when a mile is 160 onitst 
Determine that common imit which will express 12960 minutes and 20160 
minutes in the smallest possible integral numbers. 

52. The areas of circles are proportional to the squares of their radii ; 
find the ratio of the areas of two circles which haye 2 feet and ^ an inch 
as the values of their respective radii. 

58. Find the ratio of the diameters of two circles, such that the area 
of one may=5| times that of the other. 

54. Two cubical boxes have edg^s respectively { inch, and 2 ft. 8 in. ; 
find the ratio (1) of their surfaces, and (2) of their volumes. 

55, A clock has its face marked so as to shew 24 hours in a di^* 
and on a certain evening half an hour after sunset it was set at 24 o'clock. 
The morning following it was 8 min. past 4 by a common dock when it 
was 4 minutes past 8 by this clock. Find the time of sunset the previous 

evening. 



Vi 
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50. GriYem tliat tbe ratio of the oircamferenoe of a circle to the 
diameters 8*1416 : 1 ; also that tiie length of an arc of a circle opposite 
to any angle at the centre is proportional to the degrees, &o. in that 
angle : find the length of the radius of that cirde, in which an arc of 4000 
miles is opposite to an angle containing 8*58 seconds 

57. The space through which a body falls in vacno near the surfiMe 
of the earth is proportional to the square of the number of seconds in the 
time of falling : if a body &J1 through 16*1 feet in the first second^ find 
how far it will fall in 8 seconds, and in the ninth. 

58. The time of oscillation of the pendulum of a clocks 8*1416 

'39*2 

g^ seconds, where 89*2 inches is the length] of the seconds 

pendulum ; find the alteration in the time of oscillation when the pen- 
dulum is lengthened -f^ of an inch. Find also how many seconds. the 
clock will gain or lose in 24 hours. 

59. Taking the same value as in the last question for the time of 
oscillation, where 82*2 is the measure of the force of the earth's attraction, 
find the alteration of that measure^ if the length of the pendulum be 
increased by xwv^ P^9 '^^ ^^^ ^^® ^^ oscillation be the same. 

60. T^e difference between the year in the Julian calendar and the 
true year is '007736 days; the Gregorian calendar corrects by omitting 
8 days in 400 years : find how much error would have accumulated under 
that calendar, £rom A.D. 825 to A.D. 1848, and how soon the error will 
amount to a day. 

61. In a block of wood, a hole is made 12 in. long and 1 sq. inch in ' 
section : the largest possible cylinder is placed in the hole; how much is 
unoccupied?— (<8(0e guetUon 45.) 

62. A cubical box, 1 inch high, is filled with water ; 8 equal spheres 
of \ in. diam. are placed in it; what vokune of water will remain, — 
haying it giyen that the Yolume of a sphere s| x 8*1416 x the cube of the 
radius. 

63. Will ^ produoe a droulating decimal t 

64. A cube has an edge 2 ft. 6 in. long ; find the ratio between the 
sum of the areas of the semicircles described on its edges, and the whole 
surfiice of the cube, having it given that the area of a circle s 8*1416 X the 
square of the radius. 

65. A wall is 15 ft. 8 in. long, and 11 ft. 6 in. broad, and has in it 
a door- way 6ft.8in.by2ft.4in.; find the number of bricks of 165^ 
solid inches contained in it, when the thickness is 11 inches* 
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66. If a sovereign weigh 5 dwts. 8^ gra., 1 part out of 12 Ixnng 
copper, and the rest pore gold; find what fraction of a cnMo indi the 
gold constitutes, having given that a cubic inch of water weighs 252*458 
grains, and that gold is 19'362 times as heavy as water*. 

67. Beduce the following Arithmetical expression to its simplest 
fonn: 

1(S + 2j)-(2t-ll)j X {(6i+7|)-5-16A}. 

68. A cistern has 8 pipes, A, B, and O; A and B can fill it in 8 and 
4 hours respectively; and C can empty it in 1 honr ; if these pipes be 
opened in order at 1, 9, and 8 o^dock, find when the cistern will be empty. 

69. A person sells out of the 8^ per cents at 98} as mndi stock as 
produces £9350 ; at what price must the 4 per cents be^ so that the above 
sum when invested in them shall produce an increase of £10 inoomef 

70. m of a sheep be worth £|, and f of a sheep be worth ^ of an 
ox, what sum must be given for 50 oxen t 

71. A garden walk, 4 ft. wide, is carried round a circular plot 8 ydii 
in diameter ; find the price of gravelling the walk per foot^ if the whole 
cost be €9, 
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BOOK-KEEPING. 



Thb object of Book-keeping is to enable a merckant to ascertain 

(1) How he stands with respect to all the persons with whom he. 
has any money dealings. 

(2) The money valae of aU that he possesses, and all that he 
owes, which are technically called his Assets and Liabilities, 
If the Assets exceed the Liabilities, he is said to be solvent; 
otherwise he is termed insolvent, 

(3) To ascertain how, if he is insolvent, he has come to be so ; 
and if not, in what manner his profits have been realized, so 
as to render him solyent^ after all trade and domestic expenses 
have been paid. 

This third account is termed the Profit and Loss account. 

To ascertun (1), the merchant most have accounts open under the 
name of every person mih. whom he deals ; and these are called |)efft>fia{ 
accounts : and if he keeps his accounts only in this simple form, he can, 
by merely balancing these personal accounts, and taking an inventory 
of stock and cash, tell at any given time how he stands. And this 
system of Book-keeping is termed Single Entry. 

But this will not tell him how he came into his present position ; or 
shew upon what goods he has made or lost money. But if he produces 
(2), Le. accounts of ihinffs bought or sold, paid or received, in addition 
to the accounts of persons, then he is enabled to tell how he stands with 
reference either to his original capital^ both in goods and money, or to 
the state of that capital at any given time. 

These accounts, being headed by the names of things and not of per- 
sons, are called NoffUndl Accounts. And it is the keeping of these^ 
in addition to the Personal Accounts, which constitutes Double Entiy. 

The. books required for book-keeping are (1) an Invoice-book; (2) a 
Day-book, or Waste-book; (3) a Cash-book; (4) a Ledger; (5) a Bill- 
book. This last is seldom used where the transactions are smaU. A 
memorandum of any transaction recorded in any one of these books is 
termed an Entry. A specimen of each of the above books will be 
given. 

By Single Entry, every transaction comes direct from the books 
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already mentioned into the Ledger; in each book the page of the Ledger 
is marked where the entry may be found, and in the Ledger the pige 
or folio is also marked of the book from which it is brong^ But in 
Double Entry there is generally used an additional book caUed the 
Journal, which is an intermediate book between those mentaoned and 
the Ledger, so that nothing passes into the Ledger except thzong^ this 
book. 

The transferring of the entries firom these various books into the 
Ledger is termed poiting, ^ 

Before proceeding to give specimens of these boqk% it will be 
advisable to call attention to a few preliminary prinoipleB^ as to the 
mode of keeping accounts. 

All books are arranged with two sides^ a debtor to the 1^ and a 
creditor to the right. These are briefly written Br* and Cr. 

Under any personal or nominal account^ whatever is paid swi^, or 
parted with, by the person or name heading the aoooiin^ is put to the 
Gr. side. And whatever has been received by the sams^ and which 
must therefore be accounted for, is Br. In fiwi^ we may say briefly, 
whatever is in, if Cr. ; whatever is ouif is Br. When any item is tiras 
put to the credit side of an account, the entry is preceded by the word 
"By." And when it is put to the debtor side of a& aoooun^ it is 
preceded by the word "To." 

Hence, if an article, as tea, is sold to a person on eredii^ there is an 
entry under his personal account, "Br. To Tea;" and when he pays for it 
in cash, or bill (of which more will be said presently)^ there is an entry 
under the same account to his credit, "Cr. By Cash," or ''By l^l;" 
and the two sides of the account balance. 

But when the above goods, as tea, were sold to him, while he was 
the receiver, the article or articles delivered were payers of the goods; 
and under the nominal account of " Tea," there would be an entry "Cr. 
By Tea to A. B." And when this is paid, the nominal account headed 
" Cash" would have put under it the entry "Dr. To Cash firom A. B." 
So that we have this arrangement; a Dr. entry to a personal account is 
balanced by a Cr. entry to a nominal account for goods : and a Cr. entry 
to a personal account for cash received is balanced by a Dr. entry to the 
nominal amount headed Cash. 

Again, let the firm be buyers of tea firom any merchant, then while 
under his personal account there is an entry "Cr. By Teay" there will 
be a corresponding Dr. entry under the nominal account headed ''Tea." 
And when the tea is paid for by the firm, the merchant will be Cr. by 
the amount, and cash will be the Dr., since cash has received it. 
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Hence it is evident that if the postmg be ooneot^ aU the entries on 
the Dr. Bide in the Ledger tmut exactly balance all the entries on the 
Or. side. And this comparison of the totals of the two sets of Dr. and 
Cr. entries, for the pnrpose of testing the accuracy of the posting, is 
called a "Urial Balance^" and is simply a trial, as to whether the entries 
have been correctly posted from the Jonmaly or the Day-book if journal* 
ized, into the Ledger. 

All the above-mentioned Nominal aocoonts might have been classed 
under one head, viz. that of the firm, who nuuiifestly are Drs. or Crs., 
according as each of their cnstbmera is Or. or Dr. ; and so a balance 
might be struck as before. Bat by the BSboyp classification, or division 
into several nominal accounts, each embracing but one class of goods, 
we are enabled to ascertain, not only whai profits have been reaUeed, 
but how they have been reaGsed. 

We will now describe the nature and use of 



BILLS OP EXOHANGR 

A Bill is a promise to pay, usually at some bank in London, a certain 
Bnm mentioned on the bill, at the end of a time agreed upon, say 2, 8^ 
or 6 months, and is drawn up on stamped paper in the following fbrm. 

^ „• Q LiVEBPOOL, Oct, 27, 1860. 

^ £56. 15s. Od. "* S ^^ 

Three months afte^dfte ^y to my order the sum of Fifty-six 
Pounds Fifteen Shillings fon^vSSne'BBceived. 

is •S A. R 

To C. D. & Co. 8 -^ . 
Chesterfield. < H 

Here C. D. owes the money to A. B. and by writing across the bill 
his name and that of the banker at whose bank it is made payable, ha 
is said to accept the bill, and thus become responsible for its payment. 
A. B. is called the dravfcr, and C. D. the acceptor, A. B. who receives 
this bill writes his name on the back of it, if he parts with it, thereby 
making himself responsible to the person to whom he pays the bill, and 
he is then called the indoner; the person to whom he pays it, if his 
name is specially mentioned on the back of the bill, is called the first 
indonee, and if he pays it to a third party, he must indone it, i.e. write 
hie name on the back also, and thus render himself responsible for the 
payment, if C. D. and A. B. &il to pay, or, as it is commonly termed, 
to meet it. . 
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In any gm&nl ■teteoMikt of the badDen of 0. T>,, oommonly oalkd 
% BalAooe Sheet, of which more will he nid hereefter, all Bobh bOh 
which were aooepted by O. D. and still uniNud or nmniiig^ would be 
entoped on the diUar aide as ''BIOb payahle." If in the ooune of his 
business he had leottTed bills aooepted by other partieB^ theee would 
(sabjeot to discount) be considered as oash, provided the aooeptors wers 
considered able to meet them: and they would be entered to his credit 
as " Bills receivable." 

But such bills might also appear on the debtor ride of his BaUmoe 
Sheet, because he might haye had some passing through his handa^ 
accepted by parties that had rince £guled; and since he has indorsed 
them, he would be wholly, or in part, liable to be called upon for them. 
Hence in his Balance Sheet bills receiyable in hand would be on his Cr. 
ride, and bills receivable parted with, and not 3ret at maturity, would 
be on the Dr. ride, so £» as the acceptors are unaUe to meet them. 



THE INVOICE-BOOK 

This is used merely to record the invoices of all goods ordered into 
stock. 

Specimen, 

Chesterfield, Odobar 27, 1860. 
A. B. 

^u^t of C. D. and Co. 

4 Chests of Tea, each 561bs. At Ss. id, . . , 87 6 8 
Scwt. Sqrs. of Sugar, at56«. percvt. . . • 10 10 

47 16 8 



The above Invoice-book belongs to A. B., who is the buyer of the 
goods. 

The more usual plan of keeping the Invoice-book is by pasting all 
Invoices received, in a book prepared for the purpose, according to their 
dates. 

THE DAY-BOOK. 

A Day-book, in its most limited sense, is one in which the transac- 
tions of each day are recorded. But sometimes it is made to contain a 
record of all the transactions of each day, whether of sales or purGhases; 
bills accepted, or bills taken in payment; cash received or paid. And 
these various items from it have to be tt«Da£<&Tted to the Journal, the 
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Bill-booky the Ledger, and Caah-book respeotlTely. If no Journal is kept, 
the Bay-book may be made a record of all transaotiona both Dr. and 
Gr. tnat occur in the bnainesB, and it may be then said to be "journal* 
ized.' 

Sometimes this book is called a Waste-book, espedaHy when it 
embraces transactions as enmnerated above. But if kept merely as an 
ordinary Day-book, it gives accounts only of sales and present payment. 
And in a very simple business, where but few articles are dealt in, if the 
amount of these sales be carried forward into a Separate column at the 
end of each day, and then at the end of each month and year, the re- 
sults for each year may be entered in a spare page of the Ledger, and 
thus give a view of the progress of the business. 

F.L. stands for "Folio in Ledger," C.B. for "Folio m Cash-Book." 



DAY-BOOK. 



p. 

L. 




0. 
B. 


Bought 


Sold. 


Miscella- 
neous. 


Total. 


8 

12 

13 


Janoaiy 1, 186L 
Bought of Phillips and Go. 
10 Ohests of Tea aOMlba.) at 1/8 
8 piecesof Lfaieii (128 yds.) at 88/6 


8710 
13 80 






100 18 


1 


Lodged in Jobit Stock Bank 








500 


500 


2 
10 
18 


2 
Sold J. Smith and Go. 
4 Bales of Ootton at £25 per 
7 Pieces of Linen at 85/6 per 






100 00 
12 8 6 




100 00 
12 8 6 


8 


4 
Bought of T. Martin 








4510 


45100 


2 


8 
Beoeived from J. Smith ft Go.)n 
payment of their acci; Cash 
BiU at 2mo. (4 Jan.— 7 Mar.) 

iro.1. 




• 




40 00 
72 86 


112 86 


4 


10 
Bought of B.WilKni 
Gas fittings 








17150 


17150 


5 
10 
11 


lo 

Bongiht of Wm. Hinda 

10 Bales of Ootton at £20 per 

5 Hhds. of Port Wine at £16/5 p. 

Oairied forward 


- 


200 
81 50 






281 50 




892 30 


112 86 


675 13 6 


1170 5 
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DAT-BOOK. 



^ 




K 


Boitfit. 


Bold. 


IDnU* 


Total 




AfflOBOtbfOU^ltOtWlrt 




383 8 


US se 


675136 


1170 CO 


8 


ila»i*.aT.iruUn*BnionB«. 
»O.I,Mlmo. (l8J«l.-IBM»r 








*5100 


45 100 


6 
11 
6 

1 


IHM>.ofPanfflSei>t£lTaOr 
SMdwlEnniltkliUtCa Mo-I. 

(Ju.U-UFeb.) 
LmtoAloJolDt Block Buk 






70 


70 
40 


70 00 

70 OO 
40 00 


fi 


Fabtu.fjS 
acosptcd Wm. Hlnili' BlUon me 

llllDO.lJM^»-«Fl.b.lHal 








200 


200 00 


fl 


Aixxi>l«d bj Aililni imd Co. 








70 00 


70 OO 


6 
1 


P.ldBm.No.S, 

Dm.™ from Joint Stotk Bank 








200 
200 


200 
200 OU 


1 

10 
12 

i 


SoldBobcnTophim 
SB^BorOoltanBieM 
8 ClieilaolTw (SUlla.) it S'O 

Piia B. WlLum 
lorOBtllttlDgvAc. 






150 
81 


-17 IS 


234 OO 
17160 


2 


BMolTri paynicnl o( BUI. No. 1 
ABepledbrJ-KmiUimidCo. 








72 3 6 


72 SO 


8 
1 


PuldBmSo.!. 

C»Tricdfotw.n 








4510 
175 


4G,10 
178 00 


/ 




382 3 


410 8 6 


1311170 


2610 SO 
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The Specimen of a Day-book represents what we have called a 
jonmalized arrangement, because under the head ''Sold*' is exhibited at 
one view the total amount of business done; and this can be carried 
forward, as described in the last paragraph. Of course the total amount 
of the first three columns is the same as that of the fourth, headed "Total." 



THE CASH-BOOK. 

The Cash-book contains simply the amounts received and paid every 
day. It must therefore according to p. 226 have two sides, a debtor side, 
on which are entered aU the sums received, and for which therefore the 
cash must be considered responsible, i.e. a debtor: and a creditor side, 
on which are entered all the sums paid, and for which therefore the 
cash must be considered a creditor. 

For a specimen of the Cash-book we refer to that portion of the 
Ledger headed Cash. Fo. 15, which will be found to contain all the 
entries from the Day-book involving cash or Inlls, both paid and received. 
All these payments or receipts have been entered jn the Ledger under 
the names of the parties in connexion with whose transactions they have 
occurred; but they will be on the reverse sides of the Ledger, because for 
every sum paid or recdved by a customer there will have been a cor- 
responding sum received or paid by the Cash-book, or, which is the same 
thing, by the Cash account in the Ledger. 

There may appear also a third and different kind of entry ; as, when 
a merchant has drawn a cheque on his own banker, and paid away either 
a part or the whole of the money. If he has paid the whole, there will 
be two equal entries on opposite sides ; but if he has paid only part of it, 
there will be one entry on the Dr. side, of the whole cheque drawn ; and 
one smaller entry on the Cr. side, leaving a corresponding balance in 
hand at the end of the day's transactions. 

When a bill comes back dishonoured, and the drawer has to pay it 
by a cheque on his banker, he must enter the amount on botb sides of 
his Cash-book as money received from his banker, and at the same time 
as paid away through the same banker to take up the bill. If the 
acceptor afterwards pays the money, the amount should be entered on 
the Dr. aide of the drawer's Cash-book; and if paid to the banker again 
it win appear on the Cr. side, or it may remain as a balance in the 
Cash-bos. 
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THE LEDGER 

The Ledger is a book oontainiiig the stale of the aooomii of eveiy 
eaetomer, with the firm: and its entries are obtained from the Day-book 
and the Cash-book. 

Thus, aD records of mZm which ha¥e been entered in the Day-book 
will be transferred to the debtor side of the reqpectife aocounta in the 
Ledger becaose the parties have received goods; and all entries in the 
Day-book or Cash-book of cash received or bilb reodved in Hen of cash, 
will be entered on the creditor side, because the parties have delivered the 
same. 

It might happen ocoadonally that cash had been advanoed to a 
debtor of the firm, to enable him to meet an aooeptanoe or otherwise; 
then of course the item would appear on his debtor side in the Ledger. 



LEDQEa 



Dr. Joint Stock Bank Fo. 1. 


Contra Gr. 


1861 
Jaa 
»» 


1 

28 


To Cash 
To do. 


w. 

1 
l' 

i 


600 00 
40 00 


1861 
Feb. 
Mar. 


26 
29 


ByOMh 
„ do. 
,. Balance 


r. 

s 

s 


909 00 

1T5 




540 


1«5 


Mar. 81X0 isaiaoce brongtit 
down 


165 


640 00 


1 

1 


Dr. J. Smith & Co. Fo. 2. 


Contra Gr. 


1861 
Jan. 


2 


To Cotton 
To Linen 


1 
1 


100 
12 86 


1861 
Jan. 


2 


ByOadi 
,«BiU8£eoeivable 


1 

1 


40 00 
72 86 




112 8 6 


lU 86 


Dr. J. Martin Fo. 8. 


Contra Or. 


1861 
Jan. 


16 


To Bills payable (1) 


1 


45 10 


1861 
Jan. 


4 


By Shop fittings 


1 


4510 


Dr. B. Wilson Fo. 4, 


Contra Cr. 

• 


1861 
Feb. 


28 To Gash 


2 


17 15 


1861 
Jan. 


10 


By Oas fittings 


1 


17 ISO 
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Dr. Wra. Hinds Fo. 5 


Contra Cr. 


Mur. 




T<.BUIn»ij»We(3) 
„ Eaknca 


200 DO 


Mm. 


„ PortWlnB 

U By ailMce bronghl 
aomi 


■»•; 




BDl fill 


sn so 










In .. 


Dr. Attdns k Co. Fo. e. 


Contra Cr, 


J^ 


IS To Port Wins 


],... 


Jui. 


SBjEOlSscoLWLblBlSjl 


|».. 


Dr. K. Topbun Fo. 7- 


ContTft Cr. 


Uu. 


^ 


ToBltaBM 


I"":; 


tB61 


1 By Balance 






{au OD 








|m 0° 




Dr. PMliipa a Co. Fo. 8. 




CoQlra Cr. 




SI Co BaliDco 


L... 


1S81 
Jjm. 


By Tea (10 CJiaH) 1 
.. LhiealBiriKU) 1 

By BilsKS taoughl 


la 8 




1 


100 190 


Dr. Cotton Fo. 10. 


Contra Cr. 


Jin. 


ISToW.Hlniii(lBB.) 1 
».,PraaiBodLoB 


HH) og 


IKl 


BlBmlU.tad,(4B.) I 
„K.TophBnnaB.) a 


JOO 
1«00 




s» 00 


I25. <,0 


Dr. Port Wine Fo. 11. 


Contra Cr. 


Jan. 
-Mm. 


Is'ToW.HlBdKSabiH 1 
SlFigUaadLoa { 


:, 


rni 


By AtUn. k Co. 

(IHhdi.) I 
„ Balanco (1 Hua. 

lataaDil) 


n 00 








SO 10 


„.. 



Dr. Tern Fa. 12. 


Oont™ Cr. 


in 






.% 


£ i.d. 


iSfll 




£ ..d. 


Ju. 


: 


loFuiuriftcci. (10 

Chen* 


, 


8110 


^.r 


By a. Topi™ 
.. BAlmcpfTwD 


3 


U 00 


JUr. 


a 


„ PnaimdLMI 




e io 




CbsulEhindJ 




SISO 




MUO 


ttieo 


Dr. li.™ Fo. 13. 


Contra Cr. 


IKl 










^m 




11 


Ju. 




To Phillip, t Co. ( 






Jul 


a Ej8mlth40o. 








pi«™)sa/« 




U BD 




a ., BUadM a phHD 




Hv. 


31 


„ FiomnDdLiM 








lihrum] 


1^' 


Dr Cash Fo. 15. 


Contia Cr. 


IHl 










ISO 








Ju. 




'ToCub.SmlUiiCD. 






JMt. 




BjOub, J.8.BU11. 






riti. 




,.Billlr«»ly.l,lo(! 




70 
















„3. S-Back 




SOO DO 






„ BUIapBTibledi; 










..BlUireulnblea 






lur. 












li 


„ J. S. Diok 










., Blll.p.y.Ua(l: 








31 


ToBal&nn 




WS16B 






BT B.laii0B brouihl 














M SO 











Pbofit ahd Lobb. 



In Fol. 1 there la ttt «zcesa of £166 on the Dr. «!de over the Cr.; 
this add«d to the Cr. dde of eonras makea the two udee agree; ttod it 
Bhoold then be brought to the Dr. ude, u ropranDting the ettte of (he 
BcooDat, or as commeudeg e frefih acoount. la FoL G Is &n ezanpla 

of the positiaD of the balajice being rerened. 

In tha Profit anil Loss acoount, bad there been an; loues, the^ 
would have diraiiushed the b^uioe of £Q0 1 9f. 



BOOK-KEEPnro, %Z5 



THE BILL-BOOK, 

The bills payable and reoeivable acoonnt contains all the bill transact 
tions. 

(1) The Bills receivable. The Dr. side of this account contains all 
the bills received from other parties, or drawn upon them; the parties 
on whom they are drawn or from whom they are received being the 
corresponding Crs« The Or. side of the same account contains all the 
same biUs, the parties to whom they are paid being the corresponding 
Drs, 

(2) The Bins payable. The Gr.* nde of this acconnt contains all 
the bills issued by the firm, the parties drawing them being the corre- 
sponding Drs. ; the Dr. nde contains the same bills, the parties paying 
them at maturity being the corresponding Ors., generally bankers. 

But if bills payable or reoeivable are paid without the intervention 
of a banker, who is the corresponding Cr. t For example, if I take a 
bill for any given sum, and at maturity present it to the acc^tor, and 
receive payment in cash, where is the proper credit entiy? Not to the 
acceptor, as he has been credited once when he gave the bill; but the 
bills receivable account must be credited, because when the acceptor was 
credited, the bills receivable aocoimt was debited, and by the new entry 
to the Cr. side, the account is balanced. 

Similarly, if we pay any acceptance in cash, we must not credit our 
own personal account, which has already been credited when we gave 
the bill; but we must credit the bills payable account, which was 
debited with it when we gave the bill. 



• I here begin with Cr., whereas under ''Bills receivable" I began with Dr. 
A bill leoetfable aooount begins with Dr., a bill payable with Cr. 
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TRIAL BALANCR 



81 Mar. 1861. 





F 


Joint Stock Bank 


F 


£ 9. d. 

165 






Smith & Co. 














Martin , « 
















Wilson. 












81 5 




Hinds . 
Atkins & Co. 
Topham 
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100 18 




Phillips & Co. 
Cotton . 
Port Wine . 
Tea . 
Linen • • 










16 5 
8 15 
1 13 6 


245 16 6 




Cash . 

JBills Beceivable , 
„ Payable 












60 19 




I^fit and Loss 
Trade Expenses 


• « 








63 5 


488 18 6 










488 18 6 



We have explained the meaning of a Trial Balance. We have yet 
to consider a G^eneral Balance. This is a complete statement of the 
position of a firm or company; and when presented in the form of a 
document is termed a Balance Account. An abstract of this balance 
account is called a " BaUnce Sheet.** This consists of two parts : 

(1) A Statement of Assets and liabilities^ showing whether the 
party is solvent, or insolvent. 

(2) A Statement of Pi^fit and Loss, explaining how the above 
result of solvency or insolvency has been brought about. 

The following axe ispecimens of Balance Sheets, taken 'from the 
<< Money Market and City Intelligence" of " The Times." 

The former is from the accounts of a bankrupt estate, and consists 
only of a statement of Assets and Liabilities; the second is that of a 
joint-stock bank, and comprises the statement of the Profit and Loss, 
as well as the Assets and Liabilities. 

In the bank account, the pounds sterUng only have been given, for 
the sake of brevity. 
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Specimen of a Baiance Sheet, 



To Creditors on open accoont 
By Bills payable 
LesSy goods consigned 

By Liabilities on bills receivable 
Expected to be duly met 

Cash in hand at Joint Stock Bank 



58271 11 8 
102 11 10 



9959 11 6 
7977 2 11 


1982 
1885 


8 7 

4 10 



Cr. 



By Casb at bankers held as 
security against bills receivable discounted 

CSash in travellers' hands 

By debtors, good 

„ „ doubtful 848 11 1 esfamated at 

„ „ bad 567 5 7 
By Bills receivable, in hand, 2667 2 11 

estimated to produce 
By Property 
By Stock 



Less, Creditors under £10 
Bent, paid in full 



55 11 6 
123 18 4 



Deficiency 



1632 9 6 



58168 19 5 



147 8 9 
59948 12 8 



[659 8 9]« 

142 11 

8096 17 8 

158 



1857 16 10 

2848 18 2 

25569 15 11 

83168 9 6 



179910 

82988 19 8 
26959 18 

59948 12 8 



thus sheiT^g a probable dividend of IO5. or 11«. in the pound. 

The following Balance Sheet shews (1) what money has been received 
as paid-up capital, and the reserve fund from previous profits not divid- 
ed, but retained to meet contingencies, and the amount received firom 
depositors, or customers; (2) what the bank has to sheitv for all the 
above money, i.e. either money invested, or spent upon preliminary 
expenses, or securities for money advanced. 
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Dr. 

To Ci^ital paid up 
Beservefund 20,(K)0 
Half-year's interest 
at 4t per cent. 400 



20,400 
Amount due by bank 
on current accounts 1,599;873 

Amount carried to 

credit of Profit and 

Loss account, 43,934 
Less amount paid to 

customers for interest 

on balances 13,794 



Cr. 

£ £ 

800|000 By investments m 

Government securitieS| 

&c. 282,874 

IVeehold premises 

40,000 



iri°i«Moo 





75,000 




By bills discounted^ 




loans, &;c. 1,821,845 




By cash in band, and at 




call 264,564 




By prelimmary expenses 4,116 




By lease and buildings at 


80,140» 


Charing Cross 2,014 



1,949,918 



1,949,918 



Dr. 



Profit and Loss account. 



A 



Half-year's onrrent expenses, 
bad debts, ftc. 10,904 

Bebate of interest on bills 
discounted, not yet due, 
carried to profit and loss 
new account 8,81{^ 

Amount written off, pre- 
liminary expenses 700 

To dividend at 5 per cent, 
per annum upon £300,000 7500 

Amount carried to credit of 
Beserve fund 6600 

Balance carried to Profit 
and Loss new account 621 

80,140 



Cr. 

£ 



By balance of Profit and 

Loss, brought forward 

from last half-year 1590 

Ditto for current half-year 28550 



80,140 



• Thia is the most important item, and is in reality the balance between the two 
sides of the capital aooount and indicates the gross profit. Had the bank lost more 
tTiaw it had made doling the half-year, there would have been an item on the ether 
side of the capital aeoonnt, indicating a loss. 
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In the above, the Cr. nde shows all thai theiro is to dispose of firom the 
gross profit indicated in the capital acoounty and the balance undisposed 
of in a previous half-year. The Dr. side explains how it is proposed to 
dispose of it ; after all expenses are paid, and a proper addition is made 
to the reserved fond there remains £8121 ; and out of this a dividend of 
£7500 is paid to the shareholders, bcong at the rate of 5 per cent, per 
annum ; and the remaining balance is earned forward to next half-jesr's 
Profit and Loss account. 



UNITS OF VALUE, MEASURE, &c. 

In dealing so frequently as we do with the various weights, mea- 
sures, and moneys in use, we must necessarily have observed that there 
are certain fixed alandards of each. An investigation into the dieom- 
stances which determined the choice of these standards is not un- 
interesting. 

The particular coins, weights, or measures, which have been chosen 
as standards, whereby we measure all other quantities, are termed tmtb. 
Thus, of the pound, shilling, or penny, any one may be consideied as a 
unit, though, if they preserve their mutual relation unchanged, the 
determination of one unit will at once give us the knowledge df all the 
others. 

Similarly, the determination of the length of the yard will give the 
value of all other units of length, as miles, feet, &;c. if their relation to 
the yard be fixed. And so also the determination of the pound avoir- 
dupois wUl be found to fix the value of every other standard of weight. 

Now it will be found in (p. 245), under the head of Decimal Coinage, 
that in anything like a perfect system, as the French metrical Efystem, 
there is no unit chosen but what is derived from some natural standard* 
and in that system we shall see that all the units of weight, value, &c 
are derived from one simple unit of length, which again is derived from 
a measurement accurately taken upon the earth's surface. 

But in England, few things can be imagined less influenced by uni- 
formity of principles than the determination of our several units of value 
weight, capacity, &c., and their multiples and submultiples. 

Thus, the relations of farthings, pence, shillings, and pounds, which 
involve the multiplication by 4, 12, 20, proceed upon no scientific prin- 
ciple; and the same may be said of nearly all the weights and mea- 
sures, especially in Dry Measure, and Avoirdupois Weight. 

The penny is the real unit smon^ our coins, all others being multiplee 
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of ii^ except the fiutbing, which is a fraction of it. The recent bronze 
coinage has completely overthrown the relation which has hitherto been 
supposed to subsist between the intrinsic value of the metal and its cur- 
rent value; and may probably lead to very important results, in the 
further substitution of a currency which has rather the nature of a token 
than an embodiment of value. Copper Coinage is a legal tender only 
up to 12d, Silver Coinage only up to 40«. 

The standard silver coin is f} pure. From 1 lb. Troy of this metal 
are coined 668., so that the mint price of standard silver is 58, 6d, per 
oz,, and that of pure silver =|f of 58, 6d.=58. lliid. 

The standard gold coin is ^ pure. From 1 lb. Troy of this metal 
are coined 46ff sov.=£46 14^. 6d,; so that the mint price of standard 
gold is £3 17«. lO^^;.; and that of pure gold is if of 77«. lO^d. 
=£4 48. 11 A^. 

A CarcU is j^ part of 1 lb. of gold : hence the fineness of gold is often 
expressed by saying that it is so many carats fine, meaning so many 
parts out of 24 ; thus our standard gold is said to be 22 carats fine, 
and jewellers' gold is 18 carats fine. 

The fi>llowing coins are worth notice, since they occur in ancient 
documents: 

Groats 4(2.. Te8ter=6(2. Nobler 6«. 8d. Angel=10«. 
Merk, or Mark = 18«. 4d, Jacobus = 258. 

The adoption of the unit of length is indeed traceable to scientific 
principles. Thus it is obtained from the length of the seconds' pendulum, 
oscillating in vacuo at the latitude of London. This length is deter- 
mined as accurately as possible by experiment, and measured — and when 
this is divided into 89*18921 equal parts, 86 of them form our, yard. 
And all other measures of length are either multiples of it, as the 
fathom, pole, furlong, mile, league ; or sub-multiples, as the foot, inch,, 
barleycorn. This last is obsolete in practice; and an inch is either 
divided decimally into tenths, hundredths, &;c., or into 12 equal parts 
called lines. 

It id worth enquiring whence come the two different measures of a 
degree, viz. 60 geographical miles, or 69^ British miles. A geographi- 
cal mile is -^th part of a degree of longitude at the equator, but a 
British mile s 1760 yds. ; and on compariog these two miles we find 
that 60 of the former are equal to about 69^, or, in round numbers, 70 
of the latter. The advantage of having a geographical mile as a unit, 
13 that it is A: convenient length to take as a knot or nautical mile, 
which knot bears an ascertainable ratio to the length of a degree of 
longitude, though that ratio varies in dififerent latitudes^ 

a A. ^ 
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Nautieal miles, or knots, can be rea^y eonyerted ftito Bri&Ii 
miles, or the conyerse; for nnce 60 knotssTO B. miles; •*• 1 knot=:| 
milesll miles; and 1 miles^ knots(l — ^) knots; so ^t to conyerl 
knots into miles we add ^th of the nmnber; and to conyert mOes into 
knots we take off f tk of the nmnber. 

For estimating long periods the year is taken as the xmit of time; 
and for shorter periods, the day. The length of the day may be taken 
from two or three sources, which giye results eJightly different. Then 
are as follows : 

(1) The interval between any starts leaying the meri&a of a place 
and returning to it. This interval is found never to yaiy, and is ienned 
a ndereal day. It would not, however, be convenient as the ordinaiy 
measure of time; for its commencement, depending upon the presence 
of some particular star upon the meridian, would not be marked by a 
sufficdently striking phenomenon, and in the course of a year would 
happen when the Sun was at various distances above and below the 
horizon. 

(2) The time of the Sun*s leaving the mefridian of any place and 
returning to it; i.e. the interval between two successive noons; and 
this interval is termed a solar day. But as the Sun's apparent motion 
in the heavens is not uniform, this solar day varies, and is therefore not 
a good standard. 

(3) The third and most suitable standard is the interval wbieh would 
be occupied by the Sun, if the equalities of its motion were corrected, 
that is, if it travelled at the same uniform rate as it now does on an 
average. This interval is termed the Ttiean tolar day, A clock which 
shows a change of 24 hours in such a day is said to keep true, or mean 
solar time ; but the time indicated by it will almost always be different 
from that shown by a sundial, 6n account of the Sun's irregular motion ; 
and hence we observe in the almanacs that the clock is sometimes said 
to be before, and sometimes after the Sun. In fact the dock and the 
sundial agree only four times in a year. 

When therefore we say that the year consists of so many days, we 
speak of mean solar days. And having thus settled the length of a 
day, we divide it into 24 equal parts, and call each an hour; divide the 
hour into 60 equal parts, and call each a minute; divide a minute into 
60 equal parts, and call each a second. We then take a pendulum of 
such a length that it will oscillate in a vacuum, in the latitude of 
London, 60 x 60 x 24 times, or 86400 times, in (me day : and we thus 
determine the length of the seconds' pendulum. 

The length of the year itself is an important unit of time. This is 
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foQnd by obserring the interval between the Stm'e leaving an eqninoac 
or sobtioe, and retanung to the iame equinox or solstiee. This interval 
is termed the Tropical Yetvt, and ie found most aecorately by comparing 
observations made at distant periods. It is found to be 365 d. 5h. 48m. 
47*58091 sees, mean solar time. As it would be veiy inconvraient for 
civil purposes that a year should consist of a broken number of days, 
(for we should in that case sometimes have a part of a working day in 
one year, and the remainder in another) it is agreed to take 365^ days 
as a year; and to reckon 365 days as a year for 3 consecutive years, and 
then with the 4 quarters that have been aoeumulating in 4 years, make 
an extra day ; so that every 4th year consists of 860 days. This day is 
called an iiUercalaay day, and is added to the shortest month, viz. 
February, causing what is commonly termed Bissextile* or Leap Year. 

By observing, however, the difference between the true value of the 
tropical year, 365*24222, and the assumed value, 365*25, we find there 
is an excess of 11 min. per annum, which amounts to about three days 
in 400 yrs. Hence, if we omit three leap years in 400 yrs., we shall very 
nearly rectify the error. Kow every year, divisible by four, is ordinarily 
a leap year ; hence every year that closes a century, since it is divisible 
by 4, should be a leap year; thus, 1600, 1700, 1800, 1900, &;c. should 
all be leap years. But as we must omit three leap years in 400 yrs., it is 
agreed that three out of the above four years which terminate successive 
centuries shall not be leap years. To determine which are the three, we 
divide by 4 the above numbers without the final ciphers; and we find 
that 16 can be divided by 4 without remainder, but 17, 18, 19 cannot; 
hence 1600 is made a leap year, and 1700, 1800, 1900 are not. 

The above error of 11 minutes per year went on accumulating from 
the institution of the Julian calendar till 1582 when the alteration was 
introduced by Pope Gregory xm, from whom it was called the Gre- 
gorian calendar. Now, the vernal equinox, which in 325, at the Council 
of Nice, fell on the 2l8t of March, in 1582 happened on the 11th of 
March ; therefore. Pope Gregory caused 10 days to be omitted, making 
the 15th of October immediately succeed the 4th ; so that the next year 
the vernal equinox again fell on the 21 st of March. This correction 
was not introduced into England till 1751, when it had become neces- 
sary to omit 11 days in the current year. 

The time before the alteration is termed Old Style, and after it New 
Style, And as in Old Style the year began at the 25th of March, any 

* From &i«, twice, and sextUig, sixth; because in this year the sixth day before 
the calends of March was repeated twice. 

11—2 
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event wUak ooooned between Jannniy let and March 25ih, wotild be 
referable to both years, and was thns noted, Jan. 17th, l^ii* or 1641-2. 
Bat with the change of style the year was made to commence at the 1st 
of January. 

Bossia still adheres to the Old Style^ and the error now amounts to 
about 12 days. 

The standard of weight is a lump of platinum, marked P. S. 1 lb. 
1844, and called the parliamentaiy standard pound, and preserved in the 

Exchequer. This is the pound Avoirdupois, andz7r]|ith of this is 

termed a grain. 5760 of these grains make what is termed a pound 
Troy. Formerly, there was a lump of bronze, preserved as a standard 

of the pound Troy, and of course ^^^th of it was a grain. But this 

standard was destroyed in the burning of the Houses of Parliament in 
1835. From the above avoirdupois lb. all the other multiples aqd sob- 
multiples are derived. Apothecaries retail by the troy pound and troy 
grain, but they subdivide the pound in a different way. 

The standard of fluid measure is a gallon ; and the true definition of 
it is that it contains 10 lbs. avoirdupois of distilled water weighed in air 
at a temperature of 62^ F. when the barometer is at 80 inches. 

The weight of a cubic inch of water, expressed in grains, can be best 
obtained from the following data : 

3-937079 Eng. inches =1 decimUre, 

1 cubic decimetre =1*000012 kilogrammes, 

1 kilogramme =15432*349 grains. 

Hence, the weight of a cubic inch of water is found to be 252*5977 

grains. 

1 

Also, since 1 grain = -,yy cub. in. of water, 

and 1 gallon, or 10 lbs. = 10 x 7000 grains, 

, „ 70000 ^ . ^^^ ^^ , 

1 gallon = 252^Tf^ m. =27772 cub. in. 



( 21.? ) 



DECIMAL COINAGE. 



The question of Decimal Coinage, which seemed to interest the pub- 
lic mind some time since, appears now to have lost much of that interest; 
but it is not lost sight of by any who desire to see the facilities for edu- 
cation extended, or commercial intercourse simplified. 

From what has been said above, (p. 240), about our present coinage, it 
is manifest that there has been no attempt made to proceed upon any sys- 
tem in the construction of our coinage, weights, and measures; but that 
the choice of every imit has been the result either of accident or arbitrary 
selection. And though there is prim& facie evidence of the superiority of 
a decimal over any other system of coinage, seeing that it substitutes 
simple arithmetic for compound; yet it is not till we come to the consi- 
deration of the weights and measures, that we see, to the full extent, how 
cumbrous our system is, if it deserves the name of system at all. But 
when we observe the almost in^nite variety of weights and measures in 
lise in various parts of the country, especially in the article of grain, so 
that a merchant who wished to buy or sell by the bushel would have to 
take a different standard of weight for a bushel in almost every consider- 
able com market in England, one would think that our present position 
would hardly find a defender. 

The only system of decimal coinage which has been brought exten- 
sively and authoritatively under the eye of the British public, is termed 
the pound and mil system, which was recommended before a Committee 
of the House of Commons, in 1853, by many able witnesses, among 
whom were Professors Airy and De Morgan. 

But the system which has by far the strongest recommendation for 
simplicity and completeness is the metrical system of France, which, as 
we shall presently see, embraces coinage, and weights and measures, 
linear, superficial, solid and liquid. 

The advantages of way decimal system of money> weights and mea- 
sures, in simplifying the operations of Arithmetic, are as follows. 

L There would be no such thing as Compound Arithmetic. 

II. Beduction would no longer be treated as a separate and very 
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trcmUesome p rocea a , becanse aU redaction to a lower name would be 
perfonned by merely moving the point to the right, and all reductioa 
to a higher by moviog the point to the left. 

m. There would not be the aame necessity for the acquirement of 
dexterity in the use of Vulgar Fractions, since they would for almost all 
business purposes be superseded by Dedmah*. 

lY. The rule called Practice would be entirely abolished; since 
Practice is only another method of working examples in Compound 
Arithmetic ; and all questions hitherto wrought by it would be worked 
by Simple Multiplication. 

y . Proportion and its numerous applications would of coarse par- 
take of the great simplification arising from the rejection of all the pre- 
sent processes of Beduction and Compound Bules. The calculations of 
Interest, Stocks and Exchange, would offer the most noticeable instances 
of abbreyiation. 

Probably, under a decimal system, the fluctuations in the price of 
Stock would be reckoned by tenths, instead of as now by eighths; so also 
the brokerage would be £^, and not £\, per cent. And these two 
changes would very materially increase the simplification. 

So that probably the whole subject of Arithmetic would be taught io 
half the time that it is now; and much greater accuracy would be gene* 
rally obtained. 

The pound and mil system of coinage is briefly as follows. 

It adopts the present pound, as the umt, and its tenths^ hundredths, 
and thousandths. 

Thus, one tenth of £1 is the present /on}», 
one hundredth of £1 would be a new coin, called a cent, 
and one thousandth of £1 would be a new coin, called a mil; 
so that 10 mils = 1 cent, 10 cents = 1 florin, 10 florins = 1 pound. 

Other coins would be used, but their value on paper must all be 
expressed in the above four coins, called money of account. 

Also, in writing a sum of money consisting of pounds, and sums 
below £1, we should place a dot or point (*) after the poimds, and put 
t^e florins in the first place after the dot, the cents in the second, and the 
mils in the third. 



* All the theory of decimals will of course remain unaltered; and it will still 
be advisable that pupils should learn the whole system of decimate, incloding the 
converting of Vulgar Fractions into Decimals and the converse; Circulating Deci- 
mals, Ac. But in consequence of the general tendency to supersede Vulgar Fractions 
by decimals, these parts of the subject may be viewed not so much as a practical 
acauisition, but rather as an instrument of eduoottonal discipline, an important 
* Arithmetic very much overlooked by many, both teachers and leam«s. 
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Thtx9| £2Z, 4 florins, 5 cents, 7 mils, would be written £28*457 ; and if 
each of these quantities be written separately, in foor sums under ono 
another, they would stand thus : 

£ 
23. 
•4 
•05 
•007 
where in the third line a cipher is placed, to keep the 5 cents in the second 
column after the point, i, e, in the column of cents ; and in the fourth 
line, two ciphers are placed, so as to keep the 7 mils in the column of 
mils. But in 23^457, the 4 keeps the 5 in its proper column, and the 45 
keeps the 7 ; and therefore no ciphers are required. 

But a sum of 10 mils, or more, being equal to a cent, will appear in 
the second place, and 100 mils or 10 cents, being really a florin^ will fill 
the first place. 

Thus, 17 mils=l c. 7m., or in terms of £1 = £-017 
76 cents = 7 fl. 5c. „ „ =£'75 

And, £^457 may be read 4fl. 5 c. 7 m. 

or 4fl. 57 mils, 
or 457 mils. 

This system would have the following coins; those below the six- 
pence, or quarter florin, are new. 

Sovereign =1000 mils, or written in pounds 

Half Sovereign = 500 



Crown = 


250 


Florin = 


100 


Half Florin) 
or ShilUng S 


50 


Quarter Flo. ) _ 
or Sixpence i 


25 


M%f 


Two Cent Piece = 


20 


Cent = 


10 


Five Mil Piece = 


5 


Two Mil = 


2 


One MU 


1 



£ 
1-000 or 


£ 
1. 


•500 „ 


•5 


•250 „ 


•25 


•100 „ 


•1 


•050 „ 


•05 


•025 




•020 „ 


•02 


•010 „ 


•01 


•005 




•002 




•001 





In discussing the question of Decimal Coinage, our attention cannot 
but be forcibly directed to a due consideration of the Metrical System of 
France, which, on account of its simplicity, completeness and beautiful 
arrangement, stands preeminent among all other systems. 
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It is called the Metrical System^ because from the single unit, the 
Mbtre, are derived the weight and diameter of its coins, and all its 
wdghts, and its measures, whether linear, superficial, or cubic. Of 
course it is plain that in a system so simple and complete as this, all 
arithmetical operations are performed by means of the four Elementary 
Rules ; and there is no such thing in all French computations as Com- 
pound Arithmetic. 

The M^tre was obtained from the subdivision of a meridian line 
drawn upon the earth's surface. By the actual measurement of an arc 
(from Dunkirk to Barcelona) a computation was made of the length of a 
quadrant, or one-fourth part of a complete meridian. A ten-millionth 
part of this quantity was taken as the unit of linear measurement, and is 
equal to about 39*371 English inches. 

All multiples of this, proceeding tenfold higher, are named from the 

mbtre and Oreeh prefixes, as deca, hecto, kilo, representing 10, 100, 1000 

times the m^tre. And all suhmultiplea of the m^tre, proceeding tenfold 

lower, are named from the mbtre and Latin prefixes, as ded, centi, milli, 

111 
representing Jq > t^ > ttttq o^ the mfetre. Hence we have the following 

table of the values of the French m^tre, and its multiples and submul^ 
tiples, expressed in terms of an English inch. 

Myriametre or 10000 metres = 393710 English inches* 
Kilometre „ 1000 ,, "= 39371" 
Hectometre „ 100 ,, = 3937'1 



ft 

Decametre „ 10 „ = 393*71 „ 

Metre „ l „ = 39-371 „ 



1_ 
10 



Decimetre „ -- „ = 3*9371 „ 



1 

Centimetre „ j-^ „ = '39371 

MilUmetre „ ^ „ = -039371 



t> 



if 



Here it can hardly be needful to remark, that every one of these de- 
nominations can be converted into the next lower, by simply moving the 
point to the right, i, e, by multiplying by 10 for each step in the reduction ; 
and to the next higher, by moving the point to the left, i, e. by dividing 
by 10 for each step. 

It will next be most convenient to discuss the weights. The imit is 
a Gramme, and as in the mfetre, so the multiples of the Gramme pro- 
ceeding tenfold higher each step are called decagramme, hectogramme, 
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kflogramme; and the submultiples, tenfold lower^ are called decigramme, 
centigramme, milligramme. 

The Gramme is the weight of the Tolume of distilled water, at the 
temperature of its greatest density, contained in a cube whose edge is a 
centunetre; and therefore, of course 

the weight of 10 such cubes forms a decagramme, 
„ 100 „ „ hectogramme, 

„ 1000 „ „ kilogramme. 

And in Hke manner 

the weight of — of such a cube forms a decigramme. 



1 

LO 
1 



j^ „ „ centigramme. 

milligramme. 



»> TTTTkn »» " 



1000 

A gramme is equiyalent to 15*432 grs. or nearly 16grs. Troy, 
.'. a kilogramme „ 2*68 lbs. or about 2} lbs. Troy. 

Again, the volume of a kilogramme of water is taken as the unit of 
capacity, and is called a Litre: and its multiples, proceeding tenfold 
higher, are, upon the same principle as before, termed a decalitre, hecto- 
litre, kilolitre; and the submultiples, proceeding tenfold lower, are called 
a decilitre, centilitre, miUilitre. 

A Utre is equivalent to 1 '760773 pts. or about If pints, 
. *. a kilolitre „ 220*09668 gallons, or about 220 galls. 

The principal unit of superficial measure is the are or square deca- 
metre, t. e. a square having 10 metres or linear units for its side. 

(39*371 \ 
— 5g — J sq. yds. = 1*196046 sq. yds. 

Hence lar6=100sq. metres =119 '6046 sq. yds. 

a decare= 1196*046. 
a hectare =11960*46. 

This last will be found to be from 2^ to 2^ acres English, and is 
commonly employed in France for measuring large pieces of land. 
^ The coins are also derived from the mbtre both as to thdr weight and 
measure. There are but two moneys of account, the centime, and the 
franc =100 centimes; or, considering the centimes as decimal parts of a 
franc, the name of but one coin is required. Thus, 25 francs, 87 centimes 
may be written 25*87 francs. 

The centime is a coin the diameter of which is 1 centimetre, and 

11—5 
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weight ifl 1 gramme; so that 100 oentimes touching one another and ar- 
ranged in a straight line would extend one metre ; and treated aa weightSi 
they wouM be equal to 100 grammes, or one-tenth of a kilogramme. 
Henoe, erery centime forms at the Baxne time^ a coin^ a weigl^ and a 
measure. 

The various coins that are needed and generally used to avoid carrying 
a multitude of smaller coins are, in silver, {-franc =20 cents, j franc = 
25 cents, ^ franc =50 cents, 2 franc and 5 franc pieces: and in gold, 
5 franc, lOfrunc, 20 franc, and 40frunc pieces. Their weights and dia- 
meters are as follows : 





SILVER. 




francs. 


wt. in grammei. 


diam. in millimetres 


i 


1 


16 


i 


1-25 


15 


i 


2-5 


18 


1 


5. 


23 


2 


10. 


27 


5 


25. 

GOLD. 


87 


5 


1-6129 


17 


10 


8*2258 


19 


20 


6-4516 


21 


40 


12-9032 


26 


50 


16-129 


28 


100 


32-258 


85 
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TBI Aiaeat oi Suan-pan, u it ia calUd in Chins, li ftn instni- 
nunt for tbe quick perronauica of the operations of the four Simpls 
Bulea. Aa it ii appUtutble onl; lo SimpU Addition, Sabtractlon, to., it 
CHUiot be need for commecciil parposea, eiceptjng where » decimal 
coinage ia current. The tumexed cat repre»ent» the instfoment. The 



Bii 

• • • T ft" 






17 6 5 4 3: 



10-3 7 1 



number of parallel mm U opIJtniKl : I hare inierted ten at the led of 
the datunud point, and three after it, so that we can count aa high aa 
1000 nullions of the unit, and M low «a thoDBandtha of the same unit. 

Each ban or oounter in the npper pait of the frame atanda fbr Jlce; 
and each one below for om. When an; one of the counters ie used, it 
moat be hrou^^t close to the erou bar wtuch dividea the frame ; when 
the balla touch the enter ban, tliej are out of uae for the time. The 
diagram will ibeir tlie nuraber of balla required to represent an; one of 
the digits from to B ; the balli now in nae ooiTesFand to tho numbers 
below the frame. 

In adding together any nnmher of qnantltiea, the operator perfonna 
the addition as each line is read over to htm*; BO that when the whole 
of the rows of figures have been read, the position of the counten after 
his last operation will give the total of all the sums that were to be 
added. And since it is aaid tiiat in China the operator can perform the 
additions as rapidly ai aa; one wilt ordinarily read the varioos amonnta, 
and with perieot acconKy, there moat be a conaiderable saving of time. 



• Tbe pnidl ilionld learn to add, beeJnidng from the left, be 
ler nm gewnllr be ned orn from l«tt te il^ 
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THE ABACUS. 



I 



Tlie rallowm; principles most be remembcrod, aad tlie coirespoDding 
operalioua performed witL facility. 

I. To ndd ten to ftny row 19 to carry one to the Dezt row. 

II. If two fillet are in use on any rovi, they must be i^eoted, and 
OM oanied to tlie next raw. 

III. If Jivf cauntera are in use on any bar in ike lonrGr frame, it is 
better to rqocl thom, and mibatitme a Eingle one in the upper frame. 

In performing additione, when there are counters, not in use, anffi- 
dent to perfonn the additiao, it ia very etxj; thas, I can add 2, 3, or i 
to I, or to 5: or, I can add 6, 7, or 8, to and 1. 

But the nnmber of counters will often be too Bmall, eapeoiallj when 
we are adding to sumbera which already require nearly all the counters 
to be in use. Thus, I cannot at one proeat add 3 to 8, or to 9, or to i. 
In this case, instead of adding 3 direotly, I add its equivalent, 5 — 3, or 
10—7, i.e. I add 5 and enbtnict 2, or add 10 and subtract 7. 

'When the number to which I am adding is more ihaa f,ve, I add the 
laiger equiralent, aa 10—7, instead of B ; or 10—8, instead of 2 ; but if 
it be icu Hum five, I add the smaller equivaleDt, u 5—2, LoBtead of S; 
ore- 3, inateadof2. 

We hare Eeen that the firat diagram represects the number 
SS735i3210'37E. TLo ascond given the result of the annewd eum in 



HOT 



::: 



087flSi3210'375 Simple Addition. Each row is added singly, according 

188862774527 to the directiona gircn above; and if the work is per- 

)!38i27a-421 , , „ ,, . .„ „ , ^, ^ 

lOOO'OOO ""f™™ correctly, tho operator will nod the arrange- 

1-007 ment of the balls aa in the adjoiningdiagram. I have 

6S32'485 used numbers involving three places of decimals, in 

° order to show the application of the instrument to ■ 

1Q8B57»7813-Sgl. decimal currency. The opotatioa of Subtroction will 

of oourae be juat opposite to that of Addition: thos, 

era there are balls enough to enable me to subtract directly, as 2 from 4, 

' or 8, I do so : otherwise, I must subtract indirectly, as was do&B in 
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Addition. To subtract 4, l e. 5—1, from 5, 9, 7, or 8, 1 subtract 5, and 
add 1 : to subtract 8, t. e, 10—2, from any number less than 8, 1 subtract 
10, (that is, 1 from the preyious row,) and add 2. And so on for other 
numbers. 

Multiplication by the numbers 2 to 12, or by composite numbers, 
whose £Ebctors are not greater than 12, is easily performed ; of course each 
line, as it is produced mentally, is recorded on the abacus, and takes the 
place of the previous one. The same may be done with any multiplier, 
as 257, if the top line or multiplicand be written on a slip of paper, and 
kept before the eye : for of course, in such an example, if I commence 
by marking the top line upon the instrument, the arrangement is changed 
as soon as I commence the multiplication ; and for working the second 
and third line I must have the niultiplicand written before me. 

Short Division may be very readily performed, but not Long 
Division ; and therefore only the numbers from 2 to 12^ and those which 
are composed of factors not greater than 12, can be used as divisors. 

Those who have learnt the Multiplication Table as far as 20 times 
20, can of course extend their use of the abacus accordingly. 

Obs. In the construction of the abacus, it would be well to have 
the balls of a different colour after every three rows, reckoning from 
right to left, in order to assist the eye in catching quickly the place of 
one thousand, one million, &c. 
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APPENDIX. 



FEACTIONAL QUOTIENT. 

It was mentioned in (22) that the word quotient is not inapplicable, 
when one number is to be divided by another, and yet the division 
cannot be pei-fonned; thus in the division of 2 by 5, we said that the 
quotient was f . 

This may be seen more clearly, if we remember that the word quoUent 
means how often the divisor is contained in the dividend,-*and if we 
observe the following illustration. Suppose that I have a rod five inches 
long, and with it I am to measure the depth of water in several full 

vessels, of which the depth is known to be 1, 2, 8, 4, inches. If 

now I ask how many times the length of this rod is contained in the 
depth of the water ; the reply is, that in the first, one inch or one-fifih of 
the rod was immersed, i, e, the rod went into the depth one-fifth times; 
and therefore the genuine quotient of 1 when divided by 5 is one-fifth or }. 
Similarly, the quotient in the case of the second, third, &o. vessels, 
would be -f, f , &c. And when I come to measure the depth of the 
five-inch vessel, the quotient ought to be ^, Or 1, i, e, the rod is just once 
immersed. And when I measure the seven-inch depth, I find the 
quotient to be -^ or IJ^; i. e, it takes one immersion of the rod, and f of 
another, to measure the seven inches. 



ABSTEACT AND CONCBETE. 

An cibslract number is a number of repetition, or the amount of repeti- 
tion a certain number goes through; but a concrete number is the number 
which thus goes through the process of repetition. 

In the process of multiplication, the number that follows the sign is 
of course by the above definition, abstract, unless we can show that the 
order of multiplication is immaterial. A concrete number multiplied by 
a concrete number is inconceivable ; when it appears to occur, as in the 
case 3 fb. X 2 ft. = 6 sq. fb., the expression would be more accurately 
written 3 sq. ft. x 2=6 sq. fb. See AH. 178. 

Division is the converse of Multiplication, and may be defined as the 
art of finding how often one quantity is contained in another. It is of 
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two kinds : let, where two concrete quantities of the same kind are given, 

and it is required to find how many tunes one mnst be repeated to obtain 

concrete dividend , , , 

the other : here, ^ ,. . gives as q notient an abstract number. 

concrete divisor " ^ 

i. e, so many times. 2ndly, where an abstract numbor is given as the 

divisor, and a concrete number, as before, for the dividend; here the 

question takes the shape " What number requires to be repeated as many 

times as the divisor indicates, in order to become the dividend?" And 

the corresponding definition is, Division is the process of finding what 

number it is that requires to be nmitiplied by the divisor to produce the 

dividend. The resulting number may be the same in both cases, the 

or lUg 

results difiPering only in kind : thus, we should have . =7 times; and 
85 lbs. 



= 7 lbs. 



EATIO. 



It was observed in (174) that quantities which cannot be accurately 
represented by numbers, are said to be incommensurable. And since 
the Exs. in Batio and Proportion, which we have considered, have 
always involved only commensurable quantities, it might be thought that 
the application of the principles of Batio and Proportion was limited 
to such quantities. 

But by observing (66), from whence our definition of Batio was taken, 
we learn that a Bafcio can exist between any two quantities whose 
magnitude can be represented, as A and B are, i, e. geometrically : and 
since it can be shown* that magnitudes which cannot be represented 
accurately in numbers, can yet be correctly represented geometrically ; 
therefore a ratio can exist between two or more quantities, even if one 
or all of them be incommensurable, though the value of that ratio cannot 
be accurately represented in numbers. Thus, in Fig. 1, page 172, the 
ratio of the diagonal of a square inch to its side is represented by the 

y ; or arithmetically, -llUll or 1*4142 



fraction 



* Some knowledge of Oeometxy is neoessarjr to enable us to find 
the length of the line ae. 

Since abe is one angle of a redangtUar flgnre, or a ri^ angle, 
we learn from Euclid, L 47, that the square of which oc is the side 
s the sum of the squares of which ob and be are the sides. Now, in 
Fig. 1, p. 172, we took a&= 1, and a<;= 1; therefore the sum of the 
squares of oft and ae=l> + 1^=2; therefore the square of ac«2, or 

ae itself = V2^= 1*4143. .»i 
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CIECULATINa DECIMALS. 



Sometimes a decimal of very long period may be easily carried out 

to many places, without performing the division throughout, as in the 

following Ex. 

1 
To reduce Tq to a decimal. 



19^ 1*00 (^'05263 By division we have 



95_ 

50 
88 



i=.06263A 



(H) 



therefore, multiplying both sides by 3, 



120 
114 

57_ 
3 



— = •15789— 
19 "' *^19 



8 



and substituting for — in (H) we have 
. 1 = -0526315789 J; 



9 



therefore ^ = -47368421011^ ='4736842105^; 

1 K 

and hence —='05263157894736842105:.^; and by continuing this 

process, it is plain that we double at every step the number of figures 
previously obtained. This decimal, it will be seen, circulates after the 

eighteenth figure; so that j^ = '05263157894736421. 



PEOPOETION. 



The pupil who is acquainted with Book VI. of Euclid*s Ele- 

FiG. 9. 
A D Pio. 10. 

E H 




O 
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ments of Geometry, will know that if two reotangnlar fignres, AC^ 
EO, be equal, the four sides which contain a pair of the equal angles, 
ABC, EFO, are proportional in the following order,— AB, EF, FO, BO; 
so that 

AB : EF :: FG : BO (J). 

We can show that this proportion is such as would be obtained from 
the statement of a question in Bule of Three, in which two surfaces AC, 
EG, are required to be equal; and until we know of this proportion, we 
have no right to employ the ordinary process of Simple Proportion. 

Ex. How wide a piece of cloth, 15 feet long, will cover a floor 
13 feet 6 inches long and 10 feet wide ? 

Let ^^ be the length =15 feet; BC the breadth, which is yet to be 
found; ^^=18 ft. 6 in.; jP6^=10ft.; then, by the usual statement, and 
writing BC as the fourth term, we have 

15ft. : 13ft. 6in. :: 10ft. : BC; 

and this will be found to be the same as (J). 

In the language of Geometry, we say that the sides about the equal 
angles ABC, EFG, ai'e reciprocally proportional. 

The solution of such a question as the following is worth notice. 

The shadow of a steeple is 105 yards long, and that of a stick 4 J feet 
long is 15 yards : find the height of the steeple. 



Fio. 11. 




Fio. 12. 



D 



105 yarda. 




tifeot. 



TTySrSn 



Let AB, BC, represent the steeple and its shadow; aod let DE, 
EF represent the stick and its shadow : I have to find the length of AB. 

Now, most pupils, seeing this question under the head of Bule of 
Three, would immediately take it for granted that the three terms given 
would form a statement ; t. e. that the ratio between the lengths of the 
two shadows is equal to that of the steeple and stick by which those 
shadows are cast. This is quite true; and my object in ^plaining this 
sum \b merely to show what authority we have for believing that these 
two ratios are eqqal. Join A C, D/^,— these Mnes A C, DP, vnll represent 
the direction of rays of light firom the sun, and being from the same 
distant body are consideied pasallel : henoe^ mnce AB, DE, are parallel. 
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tiM nn 9hoFE, CB; the trianglef, ABO, DBF, are said to be similar: 
and firom a geometrical property of such triangles, we have the foUowing: 

EF : BO :: DE : AB; 

or, substituting the value of EF, BO, DE, which are ^yen by the ques- 
tion, we have 

15 yards : 105 yards :: 4^ feet : AB; 

■ 

and therefore AB = y^^ x 4i ft. = 814 feet. 

15 yards " * 

The following Ex. wiH show that it is not always safe to assome that 
a question which Ib apparently a Bule of Three Ex. will at once fiimidi 
a statement; t. e, that two quantities vdileh appear to be connected, as 
in ordinary Exs., are really proportional to one another, as in (75) 
and (76). 

Ex. If a ball falling from rest drop through a space of 64} feet in 
two seconds, through what distance will it have &llen in three seconds t 

Now, if it were true that the distance fiillen in any time wei« dktcUy 
^proportional to the time, the statement would be 

2 seconds : 3 seconds :: 64j feei^ 

and the fourth term would be 96f feet. But a knowledge of the laws of 
mechanics corrects this supposition, and teaches us that the distance 
fallen in any time is not directly proportional to the number of seconds, 
but to the square of that number; and that in the above statement I 
ought to have put 2^ and 3^, or 4 and 9, instead of 2 and 3 : hence the 
statement is 

4:9:: 64|feet; 

and the distance fallen in three seconds = 144^^^^ feet. 
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EXCHANGE. 

To show that £1 s^S*!/ francs, nearly. 

£1 of English gold 22 carats fine is |} pore, or contains 91} gold in 
1 00 parts. £1 of French gold contains 90 parts in 100. 1 kilogramme 
is coined into 155 Napoleons, or 3100 francs; therefore 1 kilogramme 
of Engliffh gold is worth 8157*4 francs ; or deducting the charge for coin- 
ing, namely 6*7 francs per kilog., £1 Eng. gold =31 50*7 francs. Also 
1 oz. Troy, or 480 grains = 31*1 grammes, at the rate of 15*432 grains 
to 1 gramme. The Mint price of standard gold in England=77«. 10\d, 
per oz., because 1 lb, Troy is equivalent to 44^ guineas, or 984^ all.; 
therefore 1 oz. is worth 934^. -M2, or 77'S75«. 

Collecting these facts, we have 

£l=20ff. 
77*875*. =1 oz. Troy 
1 oz. Troy =31*1 grammes, 
1000 grammes of Eng. go]ds3l50*7 francs; 

. -, 20X31 *1X3150 *7^ or.i^r , 

.*. £1 = -^7-875x1000 fr"^<^=^^^^ fia>ncB, nearly. 
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MISCELLANEOUS QUESTIONS. 



ON FRACTIONS AND THE PRINCIPLES OF PROPORTION. 

1. ExpTjATN the tenns ''Common Measure," and ''Common Mul- 
tiple." 

2. Show how to find the Least Common Multiple of any set of 
whole numbers. Take any numbers as an Example. 

3. When are numbers said to be prime to one another? Give an 
example of three numbers which are prime to one another, but none of 
them primes. 

4. What do you mean by prime factors 9 Resolve 1512 into its 
prime factors. 

5. Show what is the G. o. M. of 27, 144, 96, by breaking them mto 
their prime factors. 

6. Explain the terms proper and improper fractions. Give an Ex. 
of each. 

7. State the two modes of multiplying fractions by whole numbers. 
Take an Ex., and show that the modes are true. 

8. State also the two modes of dividing fractions by whole numbers 
and prove their correctness in any example. 

9. What do you mean by reducing a fraction to lowest terms? 
Show the correctness of the process employed. 

10. Taking any Ex. of the above reduction, draw a figure which 
shall enable us to see by inspection that the fraction when so reduced 
remains unaltered in value. 

11. For what purpose do we require the L. c. M. of any numbers? 

12. Show how to reduce improper fractions to mixed numbers and 
the contrary ; giving an example of each kind of fractions. 

13. What must be done with fractions before they can be added or 
subtracted ? Take as Exs. f + ^ ; |— |. 

14. How do you compare two proper fractions, at sight, so as to 
ascertain which is the larger? Ex. Compare ^-j^ and r^, 

15. Prove that f x |=^; and that | of f = A. 

16. Hence show that of and the sign ( x ) placed between two frac- 
tions have the same meaning. 

17. Show that the common rule for division of fractions, viz. "In- 
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vert tbe diyiaor, and proceed m in mnltLplication^** is correct. Ex. Ptove 
thatf-T-f=fxf 

18. What do you understand by the brackets in the following Ex. 

(t+?)x«+i)« 

19. Explain the process of exhibitiDg any fractional quantity in 

positive terms. Ex. Express ^ of 27<. in shillings, pence, and fractional 
parts of a penny, 

20. What is the meaning of the term Batio ? How do you express 
the ratio of 4 to 5, and of 5 to 4 ? 

21. Give cQstinctive names to the ratios 2:5; 3:3; 5:2. 

22. Exhibit the ratio of 8«. to 7id, as an abstract number. 

' 23. What is Proportion ? The test of proportionality among 4 quan- 
tities is whether or no the product of the extremes equals the product of 
the means. Prove this. 

24. Explain the reason of the following operations in Kule of 
Three ; 1st, The reduction of the 1st and 2nd terms to the same name : 
2nd, The multiplying of the 2nd and 3rd terms together and dividing 
by the 1st. 

25. Explain how the term proportional is used to embrace two kinds 
of proportion. Give an Ex. of each. 

26. Give a description of the mode of working the following ques- 
tions : 

(1) Eeduce Zs, 6d. to the fraction of £1. 

(2) What fraction of a half guinea is equivalent to a moidore ? 

27. Work the following Ex., and be particular in forming a correct 
fractional quotient in the pence. Ex. (£8 17«. 9^.)-t-6{. 

28. Show how to compare fractional quantities. Ex. Compare f , 

13 
ly, -jr. 

29. Compare also f £, -^ of a guinea, and f of 168. Sd, 

30. If i^ths of a piece of work were done in 1 hour, how soon 
would all the work be done! What relation is there between the work 
done in 1 hour, and the time of doing all the work ? 



ON DECIMALS. 

1. Explain the term "Decimal Fractions;" and show the principle 
upon which we write tenths, hundredths, thousandths, &c, decimally. 

2. Show how to convert a vTdgar fraction into a deciTnal fraction, 
written as a vulgar fraction. 

3. Explain what is meant by a power of any number ; and write 16, 
divided by the 4th power of 10, (1) as a yolgar fracn; (2) as a decimal 
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4. State the method of oonrerting into a decimal, a htiction which 
oontaiDB a power of 10 as a denominator. 

5. How do you multiply a decimal by a power of 10 ! Ex. 8'75 x 10*. 

6. How do you divide a decimal by a power of 10 ? Ex. IS-yS-MC. 
7> State what fractions produce iermineUing decimals, and what pro- 
duce fum-terminaHnff, Explain the reason. 

8. If the den' of a fr°, in its lowest terms, which produces a circo- 
lating decimal, be known, what may be known concerning the length of 
the period of the decimal ? Illustrate by the Ex. f . 

9. Show how to convert terminating decimals into vulgar fractions. 
Ex. -0605. 

10. Explain fully the mode of converting non-terminating decimals 
into vulgar fractions. Take as Exs. 'S4§, '86t2S. 

11. State the mode of adding together decimals — (1) terminatuig, 
(2) non-terminating. 

12. State the mode for subtraction. 

18. Show the truth of the common rule for the multiplication of 
decimals. Ex. Find the value of 1*75 x *037. 

14. Explain the mode of performing Long Division in Decimak; 
and show what varieties may occur in fixing the decimal point in the 
quotient. Give Exs. in illustration. 

15. Show how to perform the operations of multiplication and divi- 
sion of circulating decimals. 

16. Find the value of 3756 x 21-9875, correct to 2 places of deci- 
mals: and explain the piinciple and mode of working by the contracted 
form of multiplication in decimals. 

17. Find the product of 13'0586 by 12758, without either as- 
suming the rule for multiplication of decimals, or converting them to 
vulgar fractions, 

18. Give Exs. of reduction of decimals, 

(1) From a decimal of £1 into positive terms, as shillings, 

pence, &c. 

(2) From a quantity involving poimds, shillings, and pence, to 

the decimal of a moidore. Work both your Exs. 



ON PEACTIOE. 



1. What do you mean by the term " aliquot parts"? Give Exs, 

2. What is the highest aliquot part of £1 ? What of 1». ? 
8. Write out tables of aliquot parts, (1) of U. (2) of £1, 
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4. Find by Practice the cost of 7108 Umu at ^d. Explain all the 
work. 

5. Write down one of every variety of Examples in Practioei. 

6. Explain the mode of finding the cost of 6605f articles at any 
price. 

7. Show also how to find the value of 1105 yds. at 78, Q^ed. 

8. Give an Ex. in Practice in which the nsual mode of taking 
aliquot parts of the highest denomination in money cannot be employed. 
Show how the Ex. is to be worked. 



ON PEOPOETION. 

1. How many terms are genendly found in proportion I 

2. What is the general object of a question in Bule of Three ? 

3. In stating a Bule of Three sum, which term do you write down 
first, and how do you select it ? 

4. When the statement is completed, describe the remidning steps 
of the work. 

5. Write down the fractional form of the fourth term, in terms of 
the other three; and hence derive the rules for completing a sum after 
it is stated. 

6. From the fractional form mentioned in the last question, shew 
that the fourth term will be of the same nature as the third term. 

7. Give an example in Bule of Three involving four terms, of 
which one will not appear in the statement. 

8. Show how three terms are to be obtained firom the following Ex. 
What is the length of a floor which is 16 leet broad, and equal in area 
to a floor 24 feet square ! 

9. What is the difference between Simple and Compound Proportion? 

10. Prove that one statement may be made to produce the same 
result as two or more separate statements by Single Bule of Three. 
Construct an Example in illustration. 



ON THE APPLICATIONS OF PEOPOBHON. 

1. Explain the terms Principal, JRate, IrOerest, Amount, 

2. Distinguish between Simple and Compound Interest. 

3. What other questions come properly under the head of Simple 
Interest? 
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1 sq. foot X 1 Hoear inch* 
1 sup. pr. X 1 linear inch. 
1 sq. inch x 1 linear inch. 

8. Show by actual computation of the Tolume of a Uodk, 4 ft. 6 in. 
long^ 2ft. 4in. wide, and 1ft. 9in. thick, that the process given by Cross 
Mnltiplication is correct. 

9. Find the Talue of the aboye yohime by mnltiplying together the 
above dimensions, as fractional parts of a foot. 

10. Explain the 6anter*s Chain ; and show how to oonTert an area 
expressed in links into acres, &c. 

11. What is meant by an incommensurable quantity? Give an 
example of such a quantity. 



EXTBACTION OF BOOTS. 

1. Explain the terms Involution and Evolution. 

2. What is meant by the following expression ,^/Ts^ 

3. Explain the terms perfect square, cube, &c. 

4. What will be the form of a square root of a number which is not 
a perfect square! 

5. Give a name to such qumtities as ij2, ij5. 

6. Explain the mode of pointing f previous to the extraction of the 
square root, both of whole numbers and decimals. 

7. Show bow to find a multiplier which shall make any proposed 
number a perfect square, or a perfect cube. 

Ex. Find the multiplier which shall make 45, (1) a perfect square, 
(2) a perfect cube. 

8. Write down the squares of all the digits. 

9. Give a rule for the extraction of the square root. 

10. Show why the incomplete divisor does not always give a correct 
figure in the root. 

11. How do you find any power of a fraction ? How do you extract 
the root of a fractional quantity ? 

12. Give two methods of extracting the square root of a fractional 
quantity, of which the denominator is not a perfect square. 

13. Give a rule for the extraction of the Cube Hoot. 

14. Give a rule for the extraction of any root whatever. 

15. Extract the square root of 576, and the cube root of 1728, in an 
algebraical form. 
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By the same Author, 

ARITHMETIC, Part L oomprising the Elementary Rules, 
Keduction in two Parts, and Decimals applied to the Simple 
Rules. Is, 6c2, 

Pabts I. and II. is, GdL or with Answers, 5s, QdL 

The Questions in PARt II. 1«, 

Answers to both Parts, Is, 



KEY to Luin>'s Mensuration, 3^. 
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ANSWERS 



40; 70; 60; 30; 90; 20; 50; 10; 80; lOQl* 

Twenty; Sixty; Ninety; One hundred; Fifty; TTiirty ; Eighty , 
Seventy; Forty. 

300; 800; 700; 100; 1000; 400; 200; 600. 

Six Hundred; Eight Htindred; Three Handred ; One Hundred; One 
Thousand; Mine Huadted ; Foot Hundred; Beren Hundred; Tw* 
Hmtdiedi Fiy« Hundred. 

8. 

5j000; 9,000; 30,000; S00,00(h, 1B0,0OO; 70/100; 700,000; 1^000,000. 

Vour Thousand; Eighty Thousand; Six Hundred Thousand; Eight 
Mundred Thousand; One Thousand; Seventy Thousand Onelliousand 
ThoAsaad, or, One MHSmk, 

4. 

4,000,000; 9,000,000; 70,000,<KK); 100,000,000; 300,000,000; 
800^000,000. 

Forty liitmionsi; Eight Millions ; Sixty Miillions; Two Millions ; Fifty 
Millions^ J^ighty Millions; Six Hundred Millions; One Thousand l^iplion;* 

5. 

U; S^2; 61; 77; 8^^ 93; 48; 51; 34; 91; 19. 

Twenty-eight; Thirty-seven; Forty-five; Eigh^-nine; Seventy-three^ 
fifexty-four; Fifty-eight; Seventeen; Twenty-one; Eighty-eight; Thirty- 
three; Ninety-nine. 



ANSYTEBS. 



0- 

507; 1819; 4017; 920; 811; 9416; 2004. 

Three Hundred and Two ; Four Hundred and Twenty-seven ; Oce 
Hundred and Nine; Seven Hundred and Four; Eighteen Hundred and 
Foity-five; Nineteen Hundred; Seven Thousand Three Hundred and 
Twenty-four; Eight Thousand Nine Hundred and Seven; Fourteen Hun- 
dred and One; Three Thousand Eight Hundred and Seventy; One Thou- 
sand and Forty-four; Nine Thousand and Nine; Ten Thousand. 

7. 

50,006; 170,018, 405,039,001; 3005,000,609; 1,000,043. 

Seven Hundred Thousand Four Hundred and One; One Million Four 
Hundred Thousand Nine Hundred and Six ; Forty Thousand and Ten . 
Eighty Millions Forty Thousand and Seventeen ; Four Hundred Millions 
Four Hundred and One Thousand and Ninety; Thirty-six Thousand and 
Eleven ; Three Thousand Two Hundred and Forty-five Millions Sixty- 
eight Thousand and Eighteen. 

8. 

26; 36; 18; 27; 33; 53; 82; 90; 109; 111; 164; 354; 433. 



1. 3294 

2. 5776 

3. 3843 

4. 35226 

5. 50155 

6. 35942 

7. 36048 

8. 33397 

9. 49863 

1. 24812 

2. 7713 

3. 10101 

4. 333333 

5. 91122 

6. 410778 

7. 5108775 

8. 7040206 



10. 30805 

IJ. 142076 

12. 122620 

13. 540321 

14. 529409 

15. 37661 

16. 493616 

17. 1668015 

18. 373821 

9. 3257368 

10. 6675391 

11. 5264254 

12. 7461266 

13. 864999 

14. 3329989 

15. 1660687 

16. 16575639 



9. 

19. 1675085 

20. 2048802 

21. 2546960 

22. 25224832 

23. 8339252 

24. 13002041 

25. 25620569 

26. 17412631 

27. 14231579 

10. 

17. 67870123 

18. 72110823 

19. 378128289 

20. 101541012 

21. 301098907 

22. 777608981 

23. 85438111 

24. 244549286 



28. 11816604 

29. 21004076 

30. 7013186 

31. 23458319 

32. 38746717 

33. 10027804 

34. 113908648 

35. 5529093 

36. 7629344 

25. 864197532 

26. 57074598 

27. 987654322 

28. 8877706050 

29. 80627217 

30. 8377784877 

31. 2818644445 

32. 7966214609 



ANSWERS. ^ 

IL 

I. 2634 3. 93183 6. 60 7. 58fi6 
d. 21899 4. I539I 6. 2707 a 908006 
9. 307 + 1001*1400-92 10. 70 + 18 + 50(^-709=4383 

I I . One thovaand diminished by four hundred and fifty sercn, increased 

by one hundred and ninety-three, diminished by seventy-flve> 
amounts to six hundred and sixty -one. 

or, more briefly, 1000, minus 457, plus 193, minus 75, equals 661. 
12. The sum of three thousand and foity-fivo, and of six thousand two 
hundred and eight, is equal to the di Terence between ten thousand 
and one, and seven hundred and forty-eight. 

or, 3045, plus 6208, equals 10001, minus 748. 

13. 4198. 14. 1850 - 401 » 1449. 



12. 



I. 6913578 
10370367 
13827156 
17283945 
20740734 
24197523 



II. 19232862 
25643816 
32054770 
38465724 
44876678 
51287632 



III. 7502788 
'9378485 
11254182 
13129879 
15005576 
16881273 



IV. 43282743 
49^5992 
55649241 



I. 34567890 
345678900 
34567890000 



13. 

II. 15712640 
23568960 
471379200 
6285056000 



III. 41114709000 
365464080 
2740980600 
319781070000 



14. 



1. 7x4 + 3-8«23 

2. 19 + 325 = 43 X 8 



L 68015739 
74198988 
80382237 
86565486 
92748735 
98931984 



II. 103852824 
2906272822 
5402149770 
6775719634 



3. 45 + 119 = 41 X 4 

4. 1000 - 355 » 43 X 15 



15. 

III. 29900356089 
38554517346 
44690271888 
47987095224 



IV. 1340721082368 
3062399370432 
2630622007968 
3333181579776 



AN8WEBS. 



1. 19043772736 

2. 2209088063364 

3. 1472624992321 

4. 765899100120 

5. 3634106380016 

6. 14558651711651 



7. 665991118517072 

8. 6355275989629 

9. 51242170689540 

10. 33607289157312 

11. 71297820058620 

12. 24987612372412 

16. 



13. 46534780060041 

14. 1327855904511542 

15. 2758422761998619 

16. 214303349934732 

17. 68843201227955 

18. 330979824248580 



1. 


170 3. 


Circumf. x 


ht = 


32 X 6 = 192 


5 


. 262fiO 


2. 


126 4. 


225 


17. 










I. 1924814 






III. 29752718 


2 rem' 




1283209 


1 rem'' 




21251941 


« „ 






962407 






16529288 








769925 


3 „ 




18595449 








II. 14960720 






IV. 573461501 


7 rem' 




12823474 


2 rem' 




509743557 


2 .. 






11220540 






417062910 


5 „ 






,9973813 


3 „ 


18. 


382307667 


" „ 




I. 


2688806 7 rem' 


II. 34960547 


20 rem' III. 2393690 


18rem» 




2352705 11 „ 


2427 


8158 


7 „ 3517259 


7 „ 




2091293 17 „ 


15607387 


23 „ 1424344 


74 „ 




1792537 14 „ 


10790292 


43 „ 












19. 




• 




1. 


10732008 


19 rem' 




7. 43104115 




29 rem' 


2. 


138453712 


5 „ 




8. 548361197 




17 „ 


3. 


852636688 


6 „ 




9. 41152205 




11 . 


4. 


93728911 


72 „ 




10. 48754142 




10 „ 


5. 


47086124 


74 „ 




11. 593354917 




64 „ 


6. 


54156011 


97 „ 


20. 


12. 781459741 




80 „ 


1. 


1551727 


21 rem^ 


4. 


1065702283 


38 rem' 


2. 


50652426 


3 „ 


5. 


94521982 


5 „ 


» 




»9722706 


3 „ 


6 


177902356 


17 . 


■ 







ANSWEBS. 7 


7, 55477849 


10 rem' 


16. 51472699 838 rem' 


8. 2771561329 


1 


•» 


17. 11034128 10 „ 


9. 4506092 


91 


» 


18. 810259 616 „ 


10. 19406738 


15 


» 


19. 89966740 1018 „ 


11. 5011466 


273 


» 


20. 13246104 2288 „ 


12. 19846833 


359 


9> 


21. 78113255 655,, 


13. 17540722 


331 


•> 


22. 759210 12589 „ 


J4. 21310159 


147 


if 


23. 252842 14157 „ 


15 4868620 


466 


21. 


24. 981476 69434 „ 


1. 3874910 2 rem' 


11. 


, J2937457 


17 rem' III. 87269 863 rem' 


387491 2 „ 




8624971 


27 ;, 9817 6963 „ 


38749 102 „ 




6468728 : 


37 „ J 57 42963 „ 






517498 157 „ 






43124 5157 „ 






S2. 




1. 10 




( 


6. 175 + 25 = 7 


2. 145 






175 -^ 35 = 5 


3. 2812 -f- 76 = 37 




( 


7. Length of 1 st oblong = 24 ft. 


4. Twice the breadth = 36 in. 


Breadth of ,, =6 ft. 


Area of top and bottom 


1=36x20 


Circumf.of Ist oblong = 60 ft. 






= 720 


Circumf. of2nd „ =76 ft. 


5. Length = 225 -f 


15 = 


15 

23. 




1. 35822259. 




11. 


384. 


2. Quot* = 2. 




12. 


. 94,080,000. 


3. 603. 




13. 


30492. 


4. 384116499. 




14. 


109. 


5. 8226. 




15. 


150 yds. 1 1250 sq. yds. 


6. 1364142. 




16. 


. 6120. 


7. £5. 




17, 


. 6075. 


8. 10^00,000. 




18. 


. Each = 2711430. 


9. 35517. 




19. 


. 3846 X 705 = 51517170+19 


10. Less = 14606. 




20. 


368979 + 335342 = 85 x 709 


Product = 456685802. 


+ 11501x56 = 70432. 










AK8WBR8. 




21. 


11825 lines 






31. 


89960. 




532125 letters. 






32. 


2700. 


22. 


90756. 






33. 


98. 


23. 


668025. 






34. 


5066250. 


24. 


856. 






35. 


118. 


25. 


(75992 - 242) + 202 = 375. 


36. 


14960 Unes 


26. 


(37200 -f. 496) - (45696 


+ 




790570 letters. 




238)= 117. 


• 




37. 


375 X 4685 = 1756875 


27. 


Multiply the difisor by 


the 




Rem* = 1756976 - 1756875 




quotient, and add in 


the 




= 101. 




remainder ; 






38. 


32 periods. 




Dividend = 345 x 178 +27 = 


39. 


875 men -^ 125 men = 7. 




61437. 








There are 7 x 5, or 35, offi- 


28. 


70043. 








cers; and 840-^^5, or 24 


29. 


12317. 








privates to one officer. 


30. 


613331. 




24 


40. 


See Art. 26. 


1. 


18000 pence. 5. 


9600 farthin 


5S. 


9. 4080 dwts. 97920 grs. 


2. 


129600 far. 6. 


26880 ounces. 


10. 12000 nails. 


3. 


131040 pence. 7. 


7454720 drams. 


11. 3024000 seconds. 


4. 


348300 pence. 8. 


1440 drams. 




12. 362400 sheets. 








25. 






1. 


18186 pence. 


5. 


1739237 drams. 9. 11327 quarts. 


2. 


20046 farthings. 


6. 


98007 


grains. 10. 7559 nails. 


3. 


51028 pence. 


7. 


1 21 4 hf. pts. 1 1 . 525948 miniites. 


4. 


195330d. 781323 f. 


8. 


50579 


scruples. 12. 261665 poles. 








26 


1 






1. 1383 crowns. 








7. 4002 spaces. 




2. 40015 half crowns. 






8. 14060 parcels. 




3. 73749 sixpences. 








9. 873 quarts. 




4. 22316 groats. 








10. 25955 parcels. 




5. 28493 twopences. 


\ 






11. 22592 spaces. 




6. 7908 parcels of 4 


oz. 


27. 




12. 13557 half quarters. 


1. 


£144 16s. 6d. 






3 


. 424 moid. 6s. 8d. 


2, 


74guin. 16s. 1\^. 






4 


. 131 lbs. 4oz. 15 dwts. 3g. 



ANSWEBS. 



5. 
6. 
7. 



3wks. 6d. lib. 36m. 38s. 
71t. 12c. 211bs. 13oz. 9dr. 



9. 15058 hhds. 25 gals. 
10. 26yrs. 154dys. 14hrs. 4miD. 



14473qrs. 7busli. Spks. 1^. 11. 
Iqt. Ipt. 12. 

8. 1038 dys. 221irs. 48min. 41 sec. 

28. 

1. 423 moid. 48. 

2. 607 crs. 4s. 5id. 

3. 2457 sixp. 2d. 

or, 491 hf. crs. Is. 2d. 

4. £4323 12s. 6d. 

5. 915 moid. lOd. 



61bs. 8oz. 3dr8. Osc. 16grs. 
83 bar. 5 gals. qts. 1 pt. 
1 hf. pt. 



1. 6110172 sq. in. 

2. 27987 yds. 

3. 22629200 yds. 

4. 2401245 pence. 

5. 4059072 halfpence. 



6. 16609 pieces, 2s. 4d. 

7. 21 portions, 5 lbs. 4oz. 

8. 4587 spaces. 

9. 3824 reams, 16 quires. 

10. 32mea. 1 hbd. 11 gals. 

11. 2921 c. qrs. 8 lbs. 1 par. 

29. 

8. 7 m. 1539 yds. 

or, 7 m. 6 fur. 39 po. 4 J- yds. 

9. 30 lea. m. 4 fur. 29 po. 2i ft. 

10. 2186 ac. 2 ro. 36 po. 

11. 4 ro. 15 po. 28i yds. 1 ft. 87 in. 



6. 


277 fath. 4 ft. 8 


in. 


12. 44 sq. m. 56 


►7 ac. 


ro. 8 per. 


7. 


522 fath. ft. 5 


in. 


30. 








1. 


225 coins 3s. 


5. 


9234 pieces l^nls. 


9. 


317dists. 


li fur. 


2. 


1400. 


6. 


1868 portions 1 oz. 


10. 


3750. 




3. 


653 coins 6s. 4d. 


7. 


3072. 


11. 


1400. 




4. 


123 coins I4s. 3d. 


, 8. 


3l015interv. 7^- sec. 

31. 










£ s. d. 




£ s, d. 




£ 


s. d. 


1. 


3462 18 llf 


5. 


98110 13 8 


8. 


297966 


3 H 


2. 


8852 13 7i 


6. 


986124 1 Si^ 


9. 


356106 


7 7i 


3. 


14561 9 1 


7. 


101567 7 af 


10. 


675224 


4 8f 


4. 


58176 13 lOi 




LONG MEASURE. 










yds. ft. ia, b e. 




mla. jda. ft. in. 




fn. po. 


yd«. ft. 


U. 


91 4 


13. 


1346 39 6 


15. 


2306 8 


l\ 2 


12. 


583 2 H 1 


14. 


12259 125 9 


16. 


3344 28 


4i 2 



10 



ANSWEB8. 



TBOY WEIGHT. 



Dm. m. dwtt. fia. Ibt. «i 

17. 1418 6 4 10 19. 5438 5 23 

18. 7636 6 9 14 20. 3904 7 12 3 



AVOIRDUPOIS "WEIGHT. 

Iba. M. dn. ewta. qn. Iba. cm, 

21. 457 12 8 23. 4676 3 9 15 

22. 2655 9 7 24. 11224 2 11 4 

toas ewU. Iba. ot. toM cwtt. Iba. oa. 

25. 9750 92 4 26. 5444 3 54 5 



APOTHECABIES' WEIGHT. 

oa. dn. ae. gn. Iba. oa. dn. ac 

27. 266 2 2 9 29. 2914 9 7 

28. 754 3 2 2 30. 4388 6 4 2 



CLOTH MEASUBE. 

yda. qn. ala. is. yda. qn. aU. ia. 

31. 819 1 If 32. 1857 3 3 Of 

WINE MEASUBE. 

hhda. gala. qta. pta. bhda. gala. qta. pta. 

33. 307 10 3 1 35. 1383 54 1 

34. 838 1 1 1 36. 829 12 2 



ALE AND BEEB MEASUBE. 

kbda. gala. qta. pU. bbda. bar. kOd. gala. 

37. 738 21 1 1 38. 687 1 0| 15 

SQUARE MEASUBE. 

ac. ro. po. yda. aq. m. ac yds. 

39. 8292 8 18i 41. 16766 182 3961 

40. 38838 3 6 2| 

CUBIC MEASUBE. 

aoLTda. ft. in. aol.yda. ft. fa. 

42. 14909 7 277 43. 13274 7 1092 

PAPEB. 

rMma qui. abta. reaaa qui. ahte. 

44, 4027 8 5 45. 15436 18 3 



ANSWEBS. 1 1 

82. 

£ a. d. £ s. d, 

1. 9 12 \0\ 7. 29605 18 6| 

2. 57 18 8} 8. 6697 9^ 

3. 723 6 8f 9. 36882 15 1% 

4. 3692 19 \\ 10. 39786 18 4| 

5. 4583 7 9| 11. 828057 19 11 J 

6. 8891 13 1| 12. 1476155 16 10} 

TKOY WEIGHT. 

lbs. oi. dwts. gtB. lbs. Of. dwta. (n. 

13. 85 3 2 17 15. 1818 8 3 18 

14. 7656 1 18 12 16. 6157 9 14 11 

AVOIRDUPOIS WEIGHT. 

tout ewta. qn. Iba. ewta. Iba. m. dra. 

17.1465 12 2 19 19.2676 1 12 9 

ewU. qn. Iba. ot. 

18. 6839 2 23 12 20. 2355 93 8 3 

CLOTH MEASURE. 

yds. qra. nla. in. Fr.EQa qra. all. in. 

21. 2907 2 1 U 23. 256 1 1 Oi 

X.EIb qn. nla. in. FLElla qn. ala. is. 

22. 106 3 2 U 24. 3808 2 1 1| 

WINE MEASURE. 

bar. gala. qta. pta. bbda. gala. qta. pta. 

25. 485 32 2 1 27. 7988 53 1 

28. 1909 15 3 1 

SQUARE MEASURE. 

ao. ro. aq.po. aq.jda. 

31. 357 2 23 25i 



26. 


1638 


29 


1 


1 


29. 


aq.jrda. 

6257 


ft. 
3 


s 

in. 

85 


IQUi 


30. 


5646 


8 


88 




33. 


dya. 

177 


bn. 

17 


mill. 

33 


aee. 

86 



TIME. 



32. 438 3 23 28| 



wka. iju bn. miiu 

35. 286 6 19 4 



34. 79 10 22 49 86. 68 3 7 58 

DRY MEASURE. 

"wjt. qn. bndi. pba. laata tfjrt. qn. b«ab. 

37. 28 2 6 1 39. 235 1 4 4 

38. 40 6 3 40. 1017 4 4 
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f 








ANSWERS. 


















33. 












£ «. 


d. 






£ i. 


d. 




£ 8. 


d. 


I. 


39 14 


4i 




II. 


94 7 


6i 


III. 


4112 7 


5i 




47 13 


3 

• 






107 17 


2 




4569 6 


Oi 




55 12 


n 






121 6 


9i 




5026 4 


7| 




63 11 









134 16 

34. 


5i 




5483 3 


3 




£ 


$. d. 






£ 


a. d. 




£ J 


). d 


1. 


4863 


16 8 




4. 


. 100004 


3 2 


7. 


361313 6 


6 


2. 


17408 


J 




5. 


41907 


1 6 


8. 


943786 





3. 


73165 


16 8 




6 


. 267327 

36. 


2 










£ 


«. d. 






£ $. 


d. 




£ 8. 


d. 


1. 


195 


1 4i 




9. 


6204 10 


7i 


17. 


14511 7 


10} 


2. 


467 


7 




10. 


31074 19 





18. 


4279 17 


M 


3. 


689 


19 4J 




11. 


39000 





19. 


3682 19 


4i 


4. 


1118 


9 3f 




12. 


37109 6 


8 


20. 


14344 9 


n 


5. 


2189 


12 11 




13. 


447 11 


H 


21. 


139325 10 


5 


6. 


3182 


14 8i 




14. 


3827 5 


6 


22. 


11395 2 


6 


7. 


8423 


16 2 




15. 


15816 


3i 


23. 


76058 8 


4 


8. 


22400 


3 10 




16. 


1369 16 


6| 


24. 


,16511 6 


3 










TROY WEIGHT. 












Ibt. oi. 


dwte. 








Ibi. 


OS. dwts. gn. 






25. 


553 8 


15 






28. 


2054 


8 17 5 






26. 


4316 1 


1 






29. 


35961 


8 13 8 






27. 


10501 7 


11 






30. 1523554 


2 14 11 





AVOIRDUPOIS WEIGHT. 



cwta. 



lbs. oz. drs. 



31. 1086 16 7 12 

32. 28424 102 2 5 

33. 139828 88 3 13 



tons cwto. Iba. os. 

34. 8031 14 20 2 

35. 31857 105 

36. 151969 6 26 11 



APOTHECARIES' WEIGHT. 



oz. dn. sc. gn. 

37. 2577 6 5 

38. 2972 1 9 

39. 1025 5 



Iba. 



oz. drs. sc 



40. 6551 2 2 

41. 29109 11 3 2 

42. 15897 2 a O 



ANSWBBS. 



13 



LONG MEASURE. 



ftr. po. yds. 

43. 1S651 5 19 4 

44. 25352 2 6 4^ 

45. 168612 5 25 U 



tar. po yds.. 

9377 30 4 1 



46. 

47. 353862 31 2 1 

48. 658558 12 



CLOTH MEASURE. 



jrdt. ^p*. nit. 

49. 34816 1 3 

50. 173545 2 

51. 373113 



52. 



S. eOt. ^p*. als. is. 

38337 3 2 1 



53. 430187 2 Ij 

54. 1134654 U 



ALE AND BEER MEASURE. 



hhds. fals. qtB. 

55. 11265 49 2 

56. 100831 32 I 

57. 3607991 9 2 



bar. (alt. qta. pit. 

58. 27988 1 

59. 478612 31 2 

60. 375158 2 1 1 



WINE MEASURE. 



hhds. gala. qtt. 

61. 5716 40 3 

62. 50500 46 2 

63. 82071 55 3 



hhdt. (tla. qta. pta. 

64. 18428 54 1 I 

65. 60112 7 

66. 285157 21 



SQUARE MEASURE. 

ac TO. po. j6m. 

70. 8881 1 30 22| 

68. 10018 1 108 71. 31292 1 17 14^ 

69. 23084 5 29 72. 126748 2 29^ 



yda. ft. tn. 

67. 5519 7 3 



CUBIC MEASURE. 



ad. yda. ft. in. 

73. 2925 5 440 



74. 15526 19 576 



aoL yda. ft. in. 

75. 35161 16 1496 

76. 257007 20 1143 



WOOL WEIGHT. 



77. 


aaeka. todt. Iba. 

12626 7 15 


79. 


paeka. 

428313 


Iba. 

15 


78. 


&3861 5 12 


80. 


563410 


125 



hia. min. aae. 

81. 15717 11 15 

82. 21484 48 56 



TIME. 



dya. bia. mis. aecu 

83. 217810 21 6 31 

84. 468404 2 6 55 



14 



AN8WBBS. 



36. 



I 


£ «. d. 
29 7 6 ; 


£ i. 
17 12 


d. 

6 ; 


£ $. 
12 11 


d. £ 
9i 5 rem' 


«. 


d. 


11. 


89 7 8i i 


53 12 


7i; 


44 13 


\0i; 26 


16 


3| 


in. 


129 7 9 ; 


86 5 


2 ; 


64 13 


lOi ; 43 


2 


7 






TROY WEIGHT. 








1. 


Um. OS. dwte. (pn. 

3 9 3 3 


1 rem' 




lbs. 

4. H 


OS. dwti. |n. 

9 3 11 


6 


rem' 


2. 


25 1 12 13 


2 « 




5. 32 


8 14 11 


5 


» 


3. 


34 3 15 3 


2 « 




6. 152 


3 16 17 










AVOIRDUPOIS 


WEIGHT. 








7. 


ewU. Ib«. oi. dn. 

12 58 9 7 


5 rem' 




tons. 

9. 5 


cwts q^. lbs. 

13 3 27 






8. 


45 13 8 13 


1 „ 


87. 


10. 13 


1 8 


1 


rem' 


1. 


£ s. d. 
17 12 6 






£ 
7. 19 


«. d. 
17 3i 


35 


rem' 


2. 


8 18 9 


89 rem' 




8. 18 


16 9i 


66 


» 


3. 


21 7 U 






9. 46 


7 2| 


48 


>» 


4. 


17 12 7i 


26 „ 




10. 87 


12 lU 


54 


» 


5. 


9 8 lOj 


45 „ 




11. 47 


16 Oi 


30 


M 


6. 


28 8 6i 


1 „ 




12. 47 


17 111 


98 


>i 






LONG MEASURE. 








13. 


mla. fur. po. yds. 

4 26 1 


20 rem' 




fatb 

16. 


. yds. ft. in. 

I 2 5 


9 


rem' 


14. 


13 6 3 


m „ 




17. 1 


1 9 


76 


» 


15. 


1 1 22 4 


701 „ 


TIME 


18. 7 

• 


1 2 9 


41 


>» 


19. 


yrs. wks. dys. hrs. 

2 5 3 19 


3 rem' 




yrs. 

22. 2 


dys. hrs. mio. 

91 11 31 


41 


rem 


20. 


1 50 6 13 


28 „ 




23. 12 201 2 51 


66 


» 


21. 


1 49 3 12 


23 „ 


38. 


24. 8 


97 3 43 


107 


» 


1. 


£ s. d. 
7 10 


108 rem' 




£ 
3. 1 


s. d. 
2 8 


273 


rem* 


2, 


i 1? 


157 „ 




4. 2 


14 2| 


187 


»> 



ANSWERS. 



15 



5. 



9. 
10. 
11. 
12. 



£ 
2 



s. 
17 



d. 
3i 



6. 9 19 ]0i 



7. 11 

8. 9 



2| 

2 I 

3 7 
2 8i 

1 19 10| 
3 2 5 



6 
6 



574 rem' 
227 „ 
671 „ 
204 „ 
133 „ 
407 „ 
49 „ 
780 „ 



13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



£ 
2 

3 



s. d. 

8 10| 

16 8 

10 lU 

18 4| 

15 0| 
8 lOf 

16 Oi 
1 u 



674 rem' 
204 



270 
1879 
5345 
2964 
2673 
1058 



» 



>» 



>» 



if 



f> 



»> 



M 



SQUABE MEASURE. 



ae. to. po. yds. 

21. 1 1 16 7 

22. 35 25 

23. 23 21 



aoLjda. ft. in. 

27. 2 26 58 

28. 2 9 1381 



428| rem' 
2851 „ 
1177 „ 



■q. m. ae. ro. po. 

24. 14 404 28 

25. 9 585 3 14 

26. 7 195 1 15 



557 rem' 
858 



894 



>» 



a 



CUBIC MEASURE. 



136 rem' 
3963 



» 



■ol.7ds. ft. ia. 

29. 6 2 1571 

30. 6 26 1179 



1449 rem' 
424 



M 



31. 17s. 4id. 32. £28 4s. 4d. 33. £4 2s. 6d. 34. 15s. 2d. 



39. 



4 ft. 2 in. over. 
2 ft. rem'. 



1. 844. 

2. 16814. 

3. 161384. 

4. 18625. 

5. 3 ft. 5 in. 

6. 10 feet. 

7. £526 1 Is. 6d. 

8. 5067 gals. Oqts. l^pts. 

9. 59 parcels, 10^ lbs. over. 

10. 61 of each, 20 poles over. 

11. 371 of each, 8s. lOd. rem'. 

£470 7s. 6d. 

40. 

1. l3doz. 2 spoons. 159 grs. 3. 

2. 384 of each. 4. 



12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 



921 in all; 2a. 2r. 5p.rem' 

£2405. 

34381 yds. 

284 vessels, 15 gals. over. 

380 times; 12 oz. 4drs. over. 

3506 intervals ; J min. over. 

33 times. 

238a. Or. 20 p. 

4 seconds for each change; 
or one-tenth of 4 sec. be- 
tween each stroke. 



7848 hours. 

5850 dys. 20hrs. 51 mm. 



16 



ANS¥r£B8. 



5. 
6. 

7. 

a 

9. 
10. 

11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
34. 
35. 



36. 
37. 
38. 
39. 
40. 
41. 
42. 



43. 
44. 



45. 



4805 hours. 

£3 Os. lid. 

485760. 

£11326 6s. 8d. 

266 coats 1 1 yds. over. 

4631. 



19. 94801. ft din. 

20. 41666 persons, 104 rem'. 

21. 21 ac. 47a5sq. yds. 

22. 19 seconds and one-fifth. 

23. 5824. 

24. 9^ dozen. 



Requirednumber=385x385 25. £1501 14s. lOd. 



£11 7s. 3d. 

3500. 

£2648 8s. 9d. 

£2 17s. 4d. 192 rem'. 

523776. 

£1654 13s. 5d. 

£12125 10s. 6d. 

1560. 



+(7 X 6) = 4235. 26. 

94395 ; 1 min. 15 sec. over. 27. 
5000 pieces. 28. 

61yds. 18 ft. 460 in. 29. 

80 times. 30. 

80 yards. 31. 

£2575. 32. 

£62 10s. 5d. 33. 

176579 miles per sec. 498 rem'. 
Weight of rails = 70 x 80 x 1760 lbs. 
Weight of chairs = 80 x 1760 x 2 x 14 lbs. + 56 lbs. 
Whole weight = 6160 tons 56 lbs. 
81 6 lbs. 8oz. 
192^ of each sort. 
84. 

One minute would have elapsed since the last bell in the 44tb round. 
7313464 intervals 2 min. 22 sec. 
23496. 

£13 15s. Id. to each child. 
£27 10s. 2d. to each woman. 
£55 Os. 4d. to each man. 
5s. 6|d. 

Area of court yard = 50 yds. x 50 yds. = 2500 sq. yds. 
Area of grassplot = 34 yds. x 34 yds. = 1156 „ 



Area of walk = 1344 



» 



He gains 5 yds. in 110 sec. 
or 1 yd. in 22 sec. 

therefore 880 yds. in 880 x 22 sec, or 19360 sec. 
or in 5 hrs. 22 min. 40 sec. 



ANSWERS. 



17 



ON THE FBINGIFLES OF THE SIMPLE RULES. 



1. Art 1. 

2. Arts. 2, Sy &o. 

3. Art. 1. 

4. 365 + 4000+18-1728-496 
»2159. 

5. Arts. 11,12. 

6. Art. 16. 

7. By seeing if the sum of the 

lower line and the answer 
will give the upper line. 

8. 17 + 8=36- 11. 

9. 18 X 12 = 2376 + 11. 
10. Seeendof Art 19. 



11. (Dividend — rem*)-!- quotient s= 

divisor. 

12. Art. 17. 

13. Art 24. 

14. Art. 22. 

15. See end of Art 28. 

16. Art. 25. 

17. Multiply the divisor by the 

quotient, and add in the rem'; 
the result should be the divi- 
dend. 
18L ArL23. 

19. Art. 26. 

20. Art 28. 



ON REDUCTION AND THE COMPOUND RULES. 



1. Art 30. 

2. Art. 31. 

3. Art. 29. 

4. Art 29. 



5. Art 29. 

6. (1) Art. 34. 
(2) Art 36. 

7. Arts. 42, 43. 



8. Art 52. 

9. Arts. 4^—44. 

10. Art. 39. 

11. Art 40. 



12. What is the area of a surface, which can be divided into 55 oblongs, 
each 8 inches by 5 ? Ans* 55 x 40 sq. in. = 2200 sq. in. 



ANSWERS. 



1. 


2x3x5x7x5. 


7. 


2x2x2x2x2x2. 


2. 


5x5x5x3x7. 


8. 


3x7x11x19. 


3. 


3xdxdxl]x5. 


9. 


3x11x5x2x7. 


4. 


3x5x7x11. 


10. 


2x3x7x151. 


5. 


2x2x5x7x13. 


11. 


2x2x3x3x3x53. 


6. 


2 X 7 X 7 X 7^x 7. 


12. 


2x2x2x2x73. 



2. 



1. 


24. 


4. 


1260. 


7. 6552. 


10. 


17017. 


13. 


720. 


2. 


720. 


5. 


120. 


8. 2520. 


11. 


3960. 


14 


15120. 


3. 


9240. 


6. 


1260. 


9. 5940. 


12. 


420. 







3. 



1. 


6. 


3. 


7. 


5. 9. 


7. 


11 


2. 


85. 


4. 


1. 


6. 1. 


8. 


27 



5. 

1. i 3- » «• ^ 7. f 9. ^ 11. f 

2- S 4. g 6. ^ 8- ^ 10- Ji '2-3 



FRACTIONS. 



6. 



1. 3? 


4. 21^ 


7. 10)^ 


2. 7^ 


5- »<>8lfe 


8- 99^ 


3. 19J 


6. 338 


»• 9{^ 



10. 



11. 31 J 

12. 45^ 



7. 



I. V 


3- W 


6. ijff 


7- 'T 


9. Iflf 


2. f 


4 8009 


«• W 


8- '^ 


10. «^ 



8* 

620, 576, 560, 198. 675 80, 96, 105, 110, 83 

'• 720 ^' 120 

264, 50*, 440, 297, 396 945, 819, 770, 486. 574 

'*• 1848 °* 1260 

8976, 9946, 10080, 11560 8528, 6882, 525, 6180. 4060 

12240 '• ~* 7660 

1512, 2100, 2160, 2205, 2240 2772, 306, 2057, 1734 

*• 2520 ®' 3366 

110, 118, 85, 1 



9. 



120 



9. 



'• 2M? 


3- 3^ 


5 17 73 


7- 2^ 


O 9 763 


4- 'lii 


6. 3223 


«• ^^^ 



10. 



1. 


A 


2. 


19 
9D 


3. 


S 



4 17 


7- ll', 


10. 


n 


13. 


^0^ 


16. 


^U 


5 2a3 
^- 57B 


8. 6f 


11. 


^ 


14. 


13 
20 


17. 


^^ 



6. 5J3 9. 3» 12. 1^ 15. 10| 18. 16}^ 

11. 

1. Jg 3. 11§ 5. 112 7. 14^ 

2. ^ 4. 2|^ 6. ^ 8. « 



FRACTIONS. 
12. 



'• H 


3. U\ 


5. ]| 


'• ^ 


»■ g 


2. IJ 


4. 21^ 


6- m 

13. 


8- i! 


10. 1. 


I. 


IM. 913. 
7!t TTj 


^ 


III. 17IJ; 


^ 


II. 


rasj Ti> 


14. 


'V- ^; 


4g01 

tfoi 



I. 6s. 8d.; £1 Ss. T^d.; 2s. 3}Sd. 

II. 16cwt. I qr. 121bs. 11 oz. 10-^drs.; 540 sol. in.; 3 b. 2p. m gls. 

III. 39i gals. ; 3 dys. 4 hrs. 21 mln. 49^ sec. ; 159 dys. 19 hrs. 7| min. 

IV. 1 qr. 1 nl. ; 6 acres 1680 yds. 

y. 4 sq. ft. 28$ sq. in.; 1 lb. 4 oz. 5 dr. 1 sc. 

16. 

I. 35- 4|; ^ II. 31; J; 7^ III. 16^; 20^ 

16. 

IV. 18; 27; 17^; U\ V. ^; ^; 3|| 

17. 

»• *' i 4. ^ jfe 7. ^ 10. 1 

2. & 1^ 5. T> T 8. I, 11. ,5^ 

3- Ml' ^ 6. 10, ^ 9. 164^ 12. 3^ 

18. 

1. 14. 9d. 8. £301 6s. lO^ld. 

2. 1540 lbs. 14 oz. 9. £978 15s. 8|d. 

3. 958 yds. 2 ft 2 in. 10. £367 48. 11-^^ d. 

4. lac. lr.36p.5y. lft65Hin. 11. 6491 yrs. 8 m. w. O^t d. 

5. £224 7s. lOfld. 12. £10 9s. 1}U^. 

6. 82yds.0ft. 5^VVin. 13. 351b. 6oz. lldwt 4/,\grs. 

7. 4t.l8cwt.lqr.31b.Jloz.ll^dr. 14. £237 9s. 3j|d. 

15. 8s. mid. 



MISCELLANEOUS QUESTIONS. 

19. A. 

263 

3. 990,001. 

4. 4x7-14+2 + 11 = 18. 

5. Diviaon. £1 98. 2d. 

6. L.C.M.=:2520. 

7. 95,040,000 mUes. 

8. 59 min. 8i|f sec. 

g £79 98. 6d. ^ ^7 

£4 13s. 6d. 

10. £2 5s. 

II f 8s. 2^|d. saved. 
(£1 Os. 6||d. spent. 

12. ^L^=l|xl|=^x^ = ^=225:64. 
2i + lJ ' • 8 8 64 

13. See Arts. 28 to 30. 



14. 



4ofl§ -80 



15. ^ of debts = £7848, .-. debts = i??l|iii? = £41856 

and dividend = _ £ = 3s. 9d. 
16 

B. 

1. 120. 

2. 2700. 

3. 28^ mUes ; or 28 m. 1 120 yds. 

4. £687 10s. Required No. of times = ^^^ ^s. Ud.^ ^^ 

^ 13s. 9d. ' 

5. 2^ inches. 

6. The sum = 18 times £1 3s. 6d. + 9 times | of £1 3s. 6d. = £28 4s. 

7. L. C. M. of all these measures = 45 gallons. 

8. 3 oz. 16 dwts. 

9. Required number = = 1 44 

2ts. 

10. It is greater: Diminished by i. (See Exs. 15.) 



MISCELLANEOUS QUESTIONS. 

11. Cost price = Is. 8d. per yard. 

When J + J axe sold, rem' = ^ths = 25 > ds. 

.*. the whole = *^ x 25 yds. = 60 yds. 
Whole cost price = 60 x 1 fsh = £5 

Whole receipU = = £5 18 4 

Gain = 18 4 

12. Product = ^i Quotient = 2g. 
13 219 

14. £73 Is. 3d. : £250 10s. :: i : 1 x^^H or Jns.=^. 

8 8 £73tV 7 

15. 36. Art. 5, Note. 

c. 

1 . Four millions, seventy thousand, three hundred and eleven : Three 
millions, nine hundred and thirty thousand, three hundred and seven. 

2. 41 17 lbs. 

3. Profit = 40000 x |d. = £20 1 6s. 8d. 

4. 46|. 

5. 500 yds. 

6. 11844. 

7. If 25 yds. cost £7 17s. 6d. 

, . £7 178. 6d. 
1yd. „ 25 

. 3g y^^ ^ (£7 17s^6d.)x36 ^£,,63. 9,^^ 

8. 27825. 

9. X seconds. 

10. 4444 dys. 10 hrs. 40 min. 

U. 216. 

12. 45 : 26. 

13. When | are used, the rem* = g. 

.*. by question | of ^ or |, brings £l 2s. 5id. ; 

/. the whole brings S of £1 2s. 5Jd., or £2 16s. l|d. 



14 gof7s. + |ofl0^sh.-§of21s. _ p,_ 

27sir ^^ 

,5. 5-(| + 3^fofD = 3m. 



PECIMALS. 

D. 

1. 69,0 8,911^?, orlSrem' 

3. 367 oz. 

4. 50688. 

6. £9174 78. 6d. 

6. Id 50 yds. B gains 5 feet 

.-. in 1 yd. „ ^ ft. or ^ ft. 

.% in 1760 yds., or 1 mile, he gains 176 ft., or 58} yds. 
.*. B is now in advance of A 8| yds. 

7. 45,714;285tlbs. 

8. Required number = \^^ ^ ^^f '^' y^'' = 2048. 

50 X 5^ X 5^ sq. yds. 

9. 5400 times. 

10. See Arts. 23 to 27. 

1 1. 398, 175, 168 ^^ 3^ . j^^ . ^^ 

540 ' 

,, <^ of his sliare £750 ,. , ,^ ^^ 

*'• ^wholemine ^ ^"hx^ •-. his share = 16 , ^ of the mine 

13. 4387 : 977. 

14. Is. 2TSBd. 

lu. See Ex. 5, Art. 90. 

A, B, and C7 do together 1+2 + 2 or |§, in 1 hour 

.*. in 20 min., or ^ of 1 hour, they do ^ of f^ or 12j. 

20. 

I. 80-34, 80340, 803400, 8034000. 
II. 1-7504, -0017504, -00017504, 17-504. 
III. 5, 500; -0005, -00005, 0000005. 

21. 

[. -3, -Oil, -19, -00015, 100-1. 
II. G, 1-4, -5, 2-25, 1375, 1-06-25, '72. -006. 
III. •0.:4n87o, 5-046S7J, 110:288, 94-25, 35-51078)25 



DECIMALS. 



22. 

L 16, -142857, -428571, -IS, -615384, '7, '4588. 
II. -3, '6y 1-^71428, -46428571, -2615384, -l4d, -053^7142*, -foS. 
III. 8416, 17-12, 375-127, 4-9l02564. 



23. 



tdSoo* 



*3W 



343 
TOW 



II. ^2^, l(^ ^ 135Ji, 1^, 9^. 

24. 



II- *» 1?C' 13^' 5^ ll^' ^ 
!"• m» 6OJI5, 100^, ^, 35^ or 35 01, 



3501. 



1. 1449-53275. 

2. 1000*781091. 

3. 3976-836319. 

4. 8078-113601. 



I. 3-425; 
II. -8514; 
III. -26^; 



25. 



26. 



5. 3609-36625750§. 

6. 154-78695596. 

7. 6*18404$. 

8. 137-76869158340. 



174-7976 ; -01049. 
-135; -6136; -2. 
1-8025267 ; 6-556l596d. 



27. 



1. 2-25. 

2. 8-265. 

3. -473568. 

4. 46-2-07708. 

5. -076775. 



6. 10-25325. 

7. -0616. 

8. -0459375. 

9. -4453125. 

10. 279-40773798. 



28.* 

I. -05; 3651-96. 
II. 146-1463; 17-1821. 
lU. 24; 3 but nearly 4 



* Where, as in some of these Exs., there would be many places of decimals in the 
product formed by the ordinary method, and only two or three are required, it will be 
necessary generally to work for one more place than this required number, to insure 
oorrectnevs 







DECIMALS. 










29. 






1. 

2. 


•0582dd. 


3. 58*53d5§. 

4. 124-^lg. 

30. 




5. -^8089142247^ 

6. 3-164i. 


1. 
2. 


90. 

654-296875. 

135000. 


4. 200. 

5. 21-0705. 

6. 0024491 &c. 

81.* 


7. 
8. 
9. 


4-835232, &c. 

•00250498046875. 
-00941204, &c. 


I. 


5'672 nearly. 


2. 38-6348, &c. 


3. 3-55, &c. 4, 13. 






32. 






1. 

2. 


5-65. 
413S. 


3. 22-1987096, &c. 

4. -3385^. 




5. -0972. 

6. l-d6536t. 



1. £1 8s. lOid. 

2. 9-072d. 

3. £1878 19s. 4|d. 

4. 5s. 6-9d. 

6. Is. l-34925d. 

6. £772 17s. lOj^id. 



33. 

7. Is. 4id. 

8. £16 5s. 4d. 

9. 3 fur. 1 po. 2 yds. 

10. 1 cwt. Oqr. 191bs. lOoz. ll*52drs. 

11. £1 lOs. 5-i7d. 

12. -28. or 2|d. 



1. -16. 

2. -03583. 



1. -0125. 

2. 4416. 

3. 15. 



4. 



'5 25 
2-87 
1-855 
•2ii6. 



6. 13-i3. 



3. -396825. 

4. -1775. 



34. 

5. -067045. 

6. l-i8. 



7. 002916. 9. 14-64. 

8. 00185. 10. 1-95. 



35. 

7. £1 Is. 4-3d. 

J. 5 _ 5X625 _ 3125 
^ ~ 16 X 625 " 10000 
9. -054375. 
•375 



= -3125 



.'^7.') X -2 



10. :2"4^^op. ••. 4th prop. = —^ 

= -075 ; 
•005438 &c.; 23571428. 



* A caution, similar to that in 28. , applies here. 



MISCfiLLANlOUS QUESTIONS. 



36. 



1. 3656. 

2. 3900. 

3. lU- 

4. £61035 3s. Ud. 

5. 61160. 

6. 12510. 

7. 30dys. lOihrs. 

9. 2Ziii^]jiiif = 28032. 

9x4i 

10. 32-f.2 + 4x13-23 = 237. 

11. 120, 135, 144, 100 See Art. 39. 

J80 

13. (-75 - -5) X -008 = 5J5 

14. 3-083. 

,. S of 138. 4d. _ |_of|£ _ 4 _-8_.2A 
'^- — £l £r"~573"3"^' 

1 24000. 

2. 80 miles 902 yds. 

3. £423 10s. 

4. £1 18s. 10}d. 

5 ^ of Jiiil.+jjg of 2inls. 50jrds. -.- ^ of 1 ml. 360yd8. 

4^ of 1500 yds. = 3^f yds.; or ^ is 3^ yds. above B. 

6. 1st remr = g j 2nd rem' = 5 of ^ or ^ 

« .*. if ^s = 1350, the whole = f x 1350 = 4300. 

7. -16 of amoi4. + -67142§ of 2 guis. = J of 27s. + 1 of42s.= £l 88. 6d. 

8. 72. 

9. There are in '[22 x 22) sq. yds. (100 x 100) sq. links, 

or in 484 sq. yds. 10000, 

or in 4840 yds., t. «. in an acre, there are 100^000. 

10. 8s. 7id. 

11. 7ft.7j|in. 



MISCBLLANBOUS QUBSTIONS. 

1%. 777|. 

18. The Dumber = I7| x ld| s 237^ 

14. Aon44^iofa5^iofaQ ^ 

17i 
16. |. See Art 67. 

a 

1. £35,478,000. 

2. 12051. 

£230 8s. ,_ 

4. £83 8s. lOld. 

5. -07 + -005 + -0375 = |j 

6. 12 yds. 

7. 5 oz. 8 dwts. 1611 grs 

8. £1343 15s. 

9. Nitre = ^hs of 16 cwt = 1 2 cwt 

CMrc* =^ „ = 2 cwt 44t lbs. 

Sulphur = ^ or ^th = I cwt 671 Ihs. 

10. Rem* = 1 - J - J or ^ths = £15, 

.-. whole = ^ X £15 = £32 2s. lOfd. 

11. See Arts. 28, 29. 

12. Span of each arch next to middle = ^ of 75 ft. 

„ next but one = J. of ^ of 75 ; and so on ; 

•.wholelength = 75 + 2| 9,of75 + ^of^of75 + ^of^of ^of 75| + 1 
= 560-85. 

W. lyjjS. 

14. 8ld. ^ 

15. £3 8s. ll^xjd. 



H. 



1. 7596. 

2. 387200. 

3. 13230 pks. 198450 lbs. 

4. 19200. 



MISCELLANEOUS QUESTIONS. 

6. 61160. 

g Geog. m. _ ia ^^^' 69| _ 139 
Brit. m. gideg. 60 l3P 

Least number of miles = L. C. M. of 60^ x 60 = 4170. 

216 feet 

8. ^=^'.^^*i:?^ai 02734375 See end of Art. 98. 

9. 40. See Art. 122. 

10. 75 hundredths; 2, and 324 thousandths; 17 and 1 millionth, 

11. £2219 8s. 2|^d. 

12. 22i^.lil£i- = 10fm.j-L- * Ift. 

= 10} ^ 1760 X 3 X I I-- ^?^l = 1776in times. 



13. 



£4 - £3 16s. 9d. _ 3i sh. ^ 13 
IJ guins. 31 J sh.'" 126' 



14 2 



147 +-27 121 



37. 

£ $. d. £ s. d. £ «. d. 

1. 1 18 8i 5. 133 4 9i 9. 484 7 ^ 

2. 22 6 IH 6. 285 6 5| 10. 345 2 4t 

3. 29 8^ 7. 263 14 2 11. 189 11 2 

4. 133 13 U 8. 311 4 10| 12. 430 9 9| 

38. 

£ 8. d. £ •• (2. £ $. d, 

1. 649 7 7. 1749 9 3^ 12. 4240 15 9| 

2. 1194 12 2i 8. 1438 4 13. 622 7 11 

3. 668 4 3 9. 2487 9 4^ 14. 3043 2 3 

4. 2423 15 6i 10. 3299 7 15. 5648 15 2 

5. 399 13 0| 11. 5731 12 4| 16. 5908 10 5^ 

6. 216 5 6i 



£ 9. d. 

1. 9564 19 7\ 

2. 2406 18 9 

3. 3545 11 9 

4. 6140 13 10^ 

5. 4327 16 6| 

6. 9292 



PRACTICE. 

39. 

£ s. d. 

7. . 1832 6 2i 

8. 3199 II 6 

9. 1850 12 
10. 6523 9 
U. 11030 1 lU 

40. 



£ 9. i 

13. 12405 17 6} 

13. 13370 H I| 

14. 3051 12 1| 

15. 11679 19 lOj 

16. 8869 3 11 



£ 


a. 


d 




£ 9. 


d. 


1. 1623 


5 





5. 


10764 7 


6 


2. 8874 


4 


8i 


6. 


13776 7 


5 


3. 23212 


6 





7. 


13646 17 


6 


4. 9346 


5 


9 


8. 


2590 10 


6 



£ 8. L 

9. 11943 4J 

10. 32322 5 5 

11. 3055 9 2| 

12. 17444 3 4i 



£ s. d. 

1. 21407 18 7i 

2. 4983 11 Of 

3. 33482 6 10 

4. 12850 II 7i 

5. 73524 12 10 

6. 95875 6 6 



41. 

£ s. d. 

7. 18036 

8. 25648 8 9 

9. 80697 7 8i 

10. 96661 6 2 

1 1. 47609 16 6f 

12. 78502 6 



£ 9. d. 

13. 83375 5 11 

14. 70504 8 6 

15. 55038 10 7 J 

16. 81490 14 4J 

17. 396453 18 6 

18. 571688 



£ s d. 

1. 152798 12 6| 

2. 53749 18 Sff 

3. 69997 8 10-^^ 



42. 

£ s. d. 

4. 1780 13 9t«t 

5. 3744 4 4 

6. 4462 19 7i 



7. 19421 11 341 

8. 9274 5 8}S 



43. 



£ s. d. 

1. 7829 16 7f 

2. 32110 13 



«. d. 



3. 15912 3 7| 

4. 2311 13 4T*ff 



5. 4432 12 6i 

6. 48275 14 21 



PRACTICE — SIMPLE PROPORTION. 

44. 





£ 8. 


d. 


£ 8. d. 




£ 8. d. 


1. 


I 16 


6i 


5. 257 3 4| 




8. 44 13 ?<r 


2. 


421 19 


7A 


6. 391 15 5^ 




9. 20 13 722 


3. 


11982 19 


5il 


7. 22 10 6g>s^ 




10. 50 7 9iS 


L 


12869 14 


OH 


45. 








£ 9. 


d. 


£ 8. d. 




£ 8. d. 


]. 


147 15 


3t 


5. 2389 16 lOi 


8. 


49 12 1\ 


2. 


1082 16 


3 


6. 33 5 3^», 


9. 


401 18 3t^ 


3. 


375 11 


m 


7. 931 17 6 


10. 


107 i;3 8r|» 


4. 


2237 13 


4J 









•25i yds. = ?5t p., or 1^ of 1 pole, or ^^ of 2 polefc 
•^ 30^*^ 121 *^ 242 *^ 

and .-. cost f^ of (£1 lis. 3d.) » 13». O^fd. 

46. 

1. £63. 

2. 45. 

3. £3 17s. 6d. 

4. 80 yds. 

5. 528 yds. 

6. 425 yds. 3 qrs. 1 nl. 

7. £17 Is. lOj'^d. 

8 ^ X 15i cwt = 12T»g cwt 

9 ~ x4xll21bs. = 2345Hlbs. 
13} 

10. I peck. 

n. ^x£l=^JLiL?2jLfx£l = £80. 
12js. 51 

12, aiyds. 

13. i^-- X 35s. = 60s. 

7s. 

2|s. lis. 

15. 13id. 



SIMPLE PROPORTION. 



16. Profit on 1 yd. = ,-i^ x £12 12s. lOd. = Is. 8Ad. 

148 yds. 

The retail price = 2s. 7id. + Js. 8jd. = 4s. 4d. 

17. --1- X 10 oz. = 8 oz. 

6^8. 

18. £3 5s. 9HHd. 

19. T»xes = £570 8s. - £534 15s. = £35 13s. 

£570 8s. : £1 :: £35 13s. : Is. 3a. in the £ 

20. -!^^!iiBi% 4 perches =1023 feet. 

100 links *^ 

21. In reality the 12 oz. produce 44^ guins., 

.'. value of 5 oz. = '- x 44| guins. = £19 7s. 24d. 

12 oz. 

22. I spend ??^ x 12 guins. = £131 8s. 

ood. 

whole income = £231 8s. 

23. £8 14s. Uflgd. 

24. 21ft. 10^ in. 

Z>. 19i : I :: 17i ft. : -1- x 17 J x 1728 in. = 1550 J J in. 

26. No. of crowns in £250 = 250 x 4 

. .-. No. of dollars = |f? x 1000 = 108 i ^V- 

27. From Mond. mid. to Thursday even. = 66 hrs. 

Time gained = ^' x 7^ min. = 2')| m 
^ 24h. ' 

Time beyond 6 h. = 14 m. + 20| m. = 34* min. 

23. 12s. 6d.; £172 17s. 2id. 

29. -il-xl54ft. = 196ft. 

2^ ft. 

30. Tax = ^5??Zlx7d. = £lll 12s. 9|d. 

£1 

Net income = £3715 19s. 8f d. 

31. Selling price =??*^l!l:x8^s. = £133 14s. 8d. 

3 qts. 

Profit = £133 14s. 8d. - £11 1 6s. 8d. = £22 8s. 

32. No. of gallons at 1 Is. 6d. to make £45 10s. 

= €iii^- X 1 gal. = 79,3j gallons. 
1 1 s. 6d. 

.'. water required = (795^ — 63) gallons. 

= 16j\ gallons. 



COMPOUND PKCPORTION. 

33. Amount spent annually = ?!?^*x £55 = £137 10s. 

I46d. 

Amount saved in 1 yr. = dC312 10s. - £137 lOs. ^ £175 
Time in sanng 1000 guins. = 6 years. 

34. 40-5 Fr. deg. 

35. {3j% yds. 



36. 


^x3ilb8. = 4,5Tlbs. 
40^8. 


37. 


[^^^x2i8ec. = 3l,|xsec. 
80*5 


38. 


?**°-x201bs.= lilb8. 



3 It. 

39. Net sum for dividend = £1520 - £205 = £ 1315. 

Debts parUy paid = | x £1315 = £3506} 
Whole debts = £3506| + £205. 
= £3711 13s. 4d. 
£ 8. d, 

40. Amount spent = *| x £16| = 288 17 9J 

■J^th of dE500 given away = 41 13 4 
Income Tax = 5^5 of £500 = 14 11 8 



Whole expenditure =345 2 9^ 
Amount saved = 154 17 2| 

£500 



47. 



, .. ^ 20 m. x4d. x30yds. „^ , 

1 . 4th term = -— -— -^ — = 30 yds. 

10 m. X 8 d. *^ 

2. 5i5yrs. 

g 3 boats X 20,000 x 700 her, x 8dys. _ 124^ i 

450 boats X 6000 her. * ^** 

4. £208 18s. 6^. 

5 ^ m- X 1800 ft. X 960 ft. X Uh. x 3^ dys. _ q , 

7m.x800ft.x700ft.xl2h. ^*' 

6. £1 0s.3d. 

J 23| lbs. X 5T^sh. x U sh. _ ^^ llJ^d. 
6jlbs.x4|sh. * "" 

71 h. X 4 X 37260 sheets _ qq^^ ^ 
I2i h. X 3 ^^ 



t 





COMPOUND PROPORTION. 


K 19^ ft 
275 m. • 


if**^ :: 45reV : 54rev-. 
385 m. 


). £1 5s. 




i. 3ift . 
74 in. 


^.^- :: 16ft : 18if ft 
o m. 


1280 lb6. 


2028 lbs. 



2. Since a rate of 360 rev" is 8l4wer than a rate of 470 rev»», therefore 
from this pair of terms the 4th term must be less than 50 : but a 
certain amount of rev"* in 7 min. is at a quicker rate than io 
8 min., therefore from this pair the 4th term is more. 

470 1. . 360L .. ^^^^,„ . 43j^jrev". 
7 mm. 8 mm 

13 10s. 3fd. 

14. 12 hours. 

15. If the inner wheel makes 800 rev»% the outer will make more ; * (1) 
If the lar</e wheel make 800 rev", the small wheel will makemore 2) 
If in describing Jth of the path, 800 rev" are made, less will be 

made in describing Xth. (3) 

Hence we have as follows : — 

(1) 7 8 

(2) 5 : 6 :: 800 rev. : 960 rev. 

(3) i J 

16. The new dimensions are 20, 10, and 12^ ; hence we have 

Af} f ,.rv, 9760x20xl0xl2^x5^sb. p.^ .^ ^^ 
4th term = ° — = £50 IGs. 8d. 

100x16x8x10 

17. 9eiig. .5 eng. 
8 hor. 9 hor. 
5 dys. 3 d} s. 

9hrs. : 10 his. :: 1 week : 13| weeks. 

25x3 bush. 75x2 bush. 

60 lbs. 63 lbs. 

I alt. 15 alt. 

18. If there were 3 engines of 4 pipes, there must be more of 3 pipes. 

If there were 3 engines of 3 in. in section, there must be less of 5 in. 
If there were 3 engines of a 20 stroke rate, there must be mare of 

17 stroke. 
If there were 3 engines of any number of strokes in 3 minutes, thefe 

must be less of those making the same strokes in 2^ min. 



* Of course I am here considering the effect of but one pair of terms; and from that 
pair alone, the answer would be more. The reasonings in lines (1), (2\, and (9^ 
produce the corresponding three statements. 



INTEREST. 

If there were 3 engines discfharging 4680 gals., there must be more 

for 20,000 gals. 
If there were 3 engines discharging any quantity in 16 min., there 
must be lest of those discharging the same in 30 min. 
Hence the statement will be as follows :— • 



3 pipes 




4 pipes 








5 in. 




3 in. 








17str. 
3 min. 


• 
• 


20 8tr. 
2^ min. 




: : 3 engines : 


.51 iJ^ engines. 


4680 gals. 




20,000; 


gals. 






30 min. 




16 min. 




48. 




£ 


8. 


d. 




£ s. d. 


£ i. d. 


1. 16 


4 





8. 


222 15 8Va 


15. 86 8 10 


2. 19 





5,^1 


9. 


298 16 li 


16. 324 13 I 


3. 28 


9 


Ui* 


10. 


13344 11 5 


17. Int* for 1 year 


4. 1109 


11 


3 


11. 


26 15 3^S 


£38 3s. lOd. nearly 


5. 1842 


6 


HiVo 


12. 


157 17 lOi 


Am»=jei359 58. 7d. 


6. 2095 


5 


^l^B^O 


13. 


2183 6 2i| 


18. 1431 Oii 


7. 30 


12 


HVo 


14. 


2810 7 8 





49. 



1. 


£ s. d. 

323 5 2 


£ 8. d. 
3. 152 4 11 


£ s. d. 
5. 2392 7 1 


2. 


41 6 11 


4. 1019 10 2 


6. 2090 13 nearly 



50. 

1. lnt*of£62 = £71 6s. - £62. 

= £9 6s. 
Also, Int* for 1 year of £62 = £3 2s. 

.-. time required = given interest ^ £9^ ^ 

1 year's interest £3 2s. ^ 

2. Time required =|ll!liB??££!i 

int of 1 year 

_ £75 19s .8jd._g 

£30 7s. iOid. *^"' 

3. 5 years. 

4. £100 produces £103i. 

£103i : £108 13s. 6d. :: £100 required sum £105. 



INTEREST — DISCOUNT. 

6. £100 will amount to £106 15s. in 3yrs. 

.'.£106, : £136 2s. l|d. :: £100 : required sum £127 )0a 

6. £1050. 

7. £95 ];')$. in 5 yrs. gains £16 15s. Ijd. 

or in 1 yr. „ £3 7s. Oj^^d* 
.*. If £95 15s. gains £3 7s. O/^d., £100 will gain £3 lOs. 

An9» £3i per cent 

a 6\. 

9. 4^. 
10. I2^ 
11 C 100 at Comp. Int for 3 yrs. amounU to £ 1 15 15s. 3d. 

/. if £100 gains £115 15s. 3d., £358 17s. di'^jd. will be gained, 
by £310. Ans. £310. 

12. 5s. 2ld. 

13. £640 12s. 6d. See end of Art. 144. 

14. £147 3s. 9d. 
15 8s. 4^1 ijd, 

tc m- 'J given interest £245 13s. 6d. o 

16. Time required = ^. ^ ^ . = ^.^^ , ^ — — — = Birrs. 

^ int*oflyr. £30 14s. 2id. ^ 

17. 7 per cent (See Ex. 7.) 

18. If for 10 days the int* is 3s. 7d., we have for lyr., £6 lOs. 9|d. 

or 5 per cent (See the Statement of Ex. 7.) 



51. 

1. £408 2s. 2d. 

2. £407 Is. lid. 

3. £620. SeeSO. Ex. 11. 

4. If £100 gives £3^, what will give £5200. Ans. £148571 8s. 6jd. 

5. £206 5s. 

6. If £10500 gives £367i, what does £100 give? dns. S|. 

7. Number of years* purchase = = 26|. 

o . £100 „ , 

8. Am.— ■ = 3jV per cent. 

9. Ans. = 100 X ^^ = £2823 10s. 7,Vd. 
10. £1225. See preceding Ex. 



DISCOUNT — PROFIT AND LOSS. 



52. 



X 



1. 6 months interest of £ 100 = £2 10s. 

Add £100 



£102 10s. 



£102 10s. : £100 :: £100 £97 Us. 2»4d. pres. worth of £100. 
.-. discount required = £100 - £97 lis. 2l«d. = £2 8s. Oi^d. 
£ s d. £ 8. d. £ «• ^' 

2. 1 5 6,%\ 5. 952 7 7? 8. 396 1 4H 

6 15 7iJJ 6. 850 9 2 1411 i5 

4. 22 11 8JHf 7. 117 11 8||? 

L The bill is legally due on July 18; and from April 6th to July 18th 

is 103 days; 

£ ». d. 

And interest of £325 8s. 4d. for 103 days, at 4p.c. = 3 13 5 
And true discount on „ „ = 3 12 5 nearly 

Banker's gain =10 nearly 

1. From Jan. 15th to June 4th, when the bill is due, is 140 days, 

* £ a. d 

» 

And interest of £90 7s. 6d. for 140 days at 5 per cent. = 1 14 7 
True discount „ „ = 1 14 

Banker's gain = 7 

£ 8, d. 

2. The present worth of the former half = 245 10 very nearly 

„ „ latter half = 243 6 2 

^;is.=:488 16 2 



53. 

1. £137 12s. 6d. : £151 7s. 9d. :: £100 : £110. Aru. lOpercenl 

2. 3s. 6d. : 4s. 9d. :: £112 : £l52 iin^. 52 per cent. 

3. 4s. 10|d. 

4. 8s. 9|d. 

5. To lose 17i p. c. is to receive 82^ for £100 worth of goods, 

...^=|!L2i. ^n,.3s.4d. 

£100 3s. 4d. 

6. £3. 

7. — — ^ = ^Ym' ^^^* £102, or 2 per cent profit. 



PROFIT AND LOSS — PARTNERSHIP. 

8. .i?^ = ^^'' Ans. 18s. 4d. 
£110 18s. 4d 

9. 2s. lid. 

10. Neither loss nor gain. 

11. Cost price =£362 10s.,.-. ^^?^-= €^|i-. Ans. £10p.c.profit 

12. Cost price £100 ^ . ^ *• ^• 

£50 = £95' • • ^^'* P"''= ^^ *^ ^^* 
.'. prime cost of 4 pipes . . = 210 10 6^ 
Add 5 per cent, or ^th .. = 10 10 6-^ 
Money to be received for 4 pipes = 221 1 Ojf 
Subtract selling price of first 50 

3 )171 T"0|i = sell* pr.of 3pipei 

57 4^\ = sell' price of each 
""=■ of the 3 pipes. 

13. 20 per cent, on £20 = £4. 
.*. he must realize £24. 

But 10 per cent on £10 = £1 ; .*. he makes £11 by the first half. 
And .-. £24 - £11 or £18 by the second half. Ans. £13. 

£ s. d. 

14. 56 gals, at £U = 63 

10 p. c. = 6 6 

5 p. c. = 3 3 

49 gals, must produce 72 9 

.-. 1 gal 1 9 6 ^ 

54. 

1. £81 16s. 4T*Td ; and £68 3s. 1^^^. 

2. £393 8s. lO^^d. £206 lis. l||d. 

3. Ay £492 6s. Ij^d. B, £276 18s. 6^* C, £230 15s. il^(L 

4. £6, £3, £1. 

5. £181 5s. to Ay £468 15s. to B. 

6. £5, £6 13s.4d., £8 6s. 8d. 

7. £300, £225, £180. 

8. 4s. 5id. 

£ 9. d. 

9. Whole cost of 100 gallons = 74 10 

Profit of 10 per cent. =790 

Retail price = — 4^ = ^^ *U 



v 

MISCELLANEOUS QUESTIONS. 



0. 



£ 8, d. 

(694 fi 10} 

347 4 5^ 

208 6 8 



. 65. I. 

). 30^ sq. yds. 

2. Whole profit = £1000 - £75 = £925 ; gain of each * £92 lOi. 

3. 334800. 

4. 15 ft. 267 in. - 3 X (4 ft. 375 in.) = 2 ft. 870 in. 

5. Required No. = ^^^ ^ x 15| ft. x 144 sg. in. ^ ^^ 

^ 2iin.x2iin. 

6. L.C.M. = £378. 

7. See Art. 58. 

8. 9. 

9. £827 Is. IJd. 

10. £98 Os. 45yod. 

11. IJ^^^l'^p^^^ ^n.. £35 5s. U4§(I. 

Profit Is. 6d. £35t*t 

12 _lst quality _ 1st price _ Is. 6d. 2s. 4d. ^ 6 
2nd quality 2nd price 42 in. 56 in. 7 

13. In Is. there is ^ of gibs. 

.-. in 20s. there are ^ of g Ihs. = 3 oz. 7 dwt. 6^ grs. 

14 8cwt. 31 qrs. 1^ st. __ 9cwt. 2-8 lbs. _ .QonnsA 
15 tons. iTx 2240 lbs. 

15. -l^^l?- = -000625. 
1 sq. furlong 

16. ^tbs. See Art 152. 
17 JL 2 3 

K 

1. 4836. 

2. £3511 Us. 

3. 7ii ft., by Compd Prop" 

4. £1610 I4s. lO^sVd. 

5. lEng. Ell : 68 yds. :: £1 18s. : £103^, selling price. 

Profit = £ 103 A - £75 = £28 7s. 2|d 

6. £2 0s. ll^d. 

7. See Arts. 74, 134. 



MISCELLANEOUS QUESTIONS. 

R. Required tax = twice Jrds of the former, = 2 x J x £1080 s £5040. 
9. £306. 

10. Spc Art. 127. 

1 1. 2^ per. 1 

1 sq.milc" 40i)60* 

12. Men's share = f ths or 60 yds. ; the women's share ^ ^s or 90 yds. 
•jl^th of ^ths to each man gives 6 yds. 

^th of ^ths to each woman gives 9 yds. 

13. Soars . 6 oars ,, g^, ^ e^^^n. 
10 str. : 8 str. 

5 6 

14. 2s. 8-546d. 

15. •541>03338095i 

16. If 1^ is thrown off, ^ of the net price must be put on. See Art 153. 

L. 

1 . 3276 X (£2 7s. 6(1.) + 6(1. = £7780 lOs. 6d. 
2 In 20| days, or on April 21st. 

3. Girth at 10 ft. _ whole length - 10 ft. _ 40 ft 

6 ft. whole length 50 ftu 

.-. tfirth at 10 ft. = i X 6 ft. = 4| ft. And girth at 20 ft. » 3{ ft. 

4. £4.5 7s. Ofd. 

5. 3 ft. 2t?t in. 

6. Expenses, beside printing, = 54 p. c. 

. 46 p. c. or TOjths of pub* price = the printing price == 2s. 6d. 
.*. pub^ price = W ^^s of 2s. 6d. = 5s. S^^d. 

7. £6 IQp. 5/yd. 

8. 1493^. 

9. 11 : 8 :: 77 : 56. Arts. 56. 

10. Whole poundage = 3s. 4cl. + § of 3s. 4d. +g of § of 3s. 4d. 

= 3s.4d. + 2s. 2|d.+ ls. 4d. 
= 6s. 10|d. 
.*. whole rate paid = 27 x (6s. lOfd.) = £9 6s, 

whole cost = £36 6s. 

11. V,V 

12.- £37 ^ m ^200,0,200:231. 

4-15guins. £4/5 xfi 231' 



STOCKS. 

13. £52 6s. 3{d. 

14. In 1 hour there is put in-+ — +__or-+ — -r— or ths. 

2 8| 7i 2 58 15 870 

870 
.*. the time required is ^-- hours, or l^S J hours. 

656 

15. Disc* = ^ths J .*. ^ths must be added to net, to make gross price. 

net price : gross price = 1 : l^y = 17 : 19. 

16. I f ^ are added, — — - or ^ are subtracted : and ^ of £ 100 = 35 p.c 

56. 

, £100 stock £85 j nirrnn 

*• ronnn ♦ i; = ' ilws. £1700. 

£2000 stock req. sum 

2 ^10^ stock _ £93g 
£1250 stock £1170 6s.3d. 

3. If £90 J will buy £100 stock, how much will £1176i buy ? 

Ans. £1300. 

4. If £94i will bring £3 income, how much wUl bring £500 ? 

^7»». £15750. 

5. If £93 will give £3, what wUl £ 100 give ? Ans. £3 4s. 6j/Vd. 

6. £37 17s.9f}Sd. 

7. The price of the stock is the sum that will produce £3^ interest , 

if therefore £999 198. lUd. stock produces £44 Os. 6d., what 
wUl give £3i ? Ans, £794. 

8. If £ 1875 produces £75, what must £ 100 produce ? Ans. £4. 

9. Allowing for brokerage, he buys at 87 1 and sells at 89|j he gains 

£1| on every 87t invested: how much on £100,000? 

10. £7l8s.6fd. [J»5.1997 2s.lMB4d.] 

11. £177 15s. 6§d. 

12. A share, bought for £89^, makes a profit ot £41 J; how much will 

make a profit of £357 2s. 10«d ? Ans. £76Hf . 

|o £450 stock in 3 p. c. produces £13 10s. 

£315 ... 4 p.c. „ £12 12s. Difference = 18s. loss. 

14. £57 10s. 3?Hd. 

15. His income from the 3i per cents. = -^—^ x £3^ = £700. 

The one fifth, or £3740 in the 4 per cents, produces £155 16s. 8d. 
The four- fifths, or £14960 in the 3 per cents. „ £498 13s. ^d. 

Difference of income = £45 10s. loss. 



EQUATION OF PAYMENTS — BXCHAN6B. 



16. The 4 p. c. at 103 give 78. lOyV more than the 3 p. c. at 8ft. 

£ i. d. 
r First investment gives 228 2 8H| 

Second „ 205 18 4f«» 



» 



Neglecting frac»", difi* = 22 4 4 



18. Now, if £ 100 - 3 p. c. tax = £97, what sum will bring £100 frei 
oftax? ., £10000 «,^, 

.*. if £97 will bring £3^, how much will bring £103^,. 

Ans. £S857\. 

57 

1. 4} months. 

2. 2t7J», yrs. 

4 + 3^.8 + W 

3. Rem' = j^ths: .*. equated time = ^ ^^. ft / months s 7«V months 

"" whole or 1 

A Fnn-f*.^ *;«,« £20(1+2 + 3 + 4 + 6 + 6 + 7 + 8 + 9 + 10) 

4. Equated tmie = i j^ ^montl 

= 6i months 



58. 



1. 


8925 francs. 


2. 


1914frs. 30icts. 


3. 


11283fr.3|cts. 


4. 


£361. 


5. 


£833 19s. 8|f5d. 


6. 


£70 158.5fid. 


7. 


58 13 mrks. 12 scb. 


8. 


5098 mrks. 9» sch. 


9. 


1179 mrks. 


10. 


£74 Is. 55d. 


11. 


£641 Is. lOJIf. 


J 2. 


£258 8s. 10?|d. 


13. 


480 dollars. 


26. 


£1 = 240d. 




54d. = 1000 pees 




800 n es = 5 lire 




25 lire = 10| flor. 




ll5flor.= I3|mrks. 


And there would be a 




by the direct route. 



14. 2080} dollars. 

15. 6113} dollars. 
£208 6s. 8d. 
X675. 

5l06^f rupees. 
£757 16s. 3d. 
5687 francs. 
1555| florins. 
1973imrks. 

£l=24fr.34,VxCts. 
4816i rees. 

£l-24fr.97ijct8. 



16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 



. £j ^ 240 X 1090 x5xlO|x 18 ^ 

54x800x25x111 mrks. 
= 13 mrks. 9|f sch. 

gain of 35 mks. 3| ^ sch.^ or about £2 1 ) s. 6d 






MISCELLANEOUS QUESTIONS. 

27. The difference for £ 1 = '065 francs, 

or-^j^^^£l, since 25-225 francs -£1. 

- -00257 &c. £ 
.*. difference in £100 » *257 &c. £, er is 0*26 per cent neaily. 

59. M. 

1. 75. 

1, li miU. X li lbs. » 2^ mill. lbs. 

2,250,000 ^ ' A A 

\ ^ — J — . quarters are reqmred per day. 

.-. number of acres for 1 week = 7 x this No. of quarters ^ ^^^^ 

4i quarters 

3. I,a30,301. 

5. Gain of J p.c. on 150* millions* £375,000 
Loss of 2^ p.c. on 6 millions = £150,000 

Gain = £225,000 

6. 135 ac.; 90 ac; 45 ac. See Art* 158. 

7. |j; -00225. 

8. £1 19s. 7SJ§d. 

9. To ^,£31 Os. 85«gd. 
To B, £41 7s. 7a>jd. 
ToC, £77 Us. 8|8d. 

10. £2 17s. 6d. 

1 1. £1500 stock cost 15 times £88t, or £1329 7s. 6d 

12. £22?«£12J per cent, 

8 

13. £157 10s. 



N. 



2. 121 yds. 

3. -0000486; 33750. 

4. £3 4s. 4id. 



• The gain must be counted on 150 m. not on 144 m. ; for stock is nerer convtrted 
into a lower per cent stock, unless money is suiBciently plentiful to induce capitalists 
to take up the stock of those who dissent; so that there will stil) be 150 m. held. 



IIISCKLLANEOUS QUESTIONS. 

5. 2^ 

6. £1000; £1606 13s. 4d. £2333 6s. 8d. 

7. See Arts. 97 and 101. 

7 7 

8. — >h. ; _ — ^cr. 

9000 45000 

9. £350. See Ex. V. in Art. 146. 

10. £28 2s.6d. 

11. £450. 

12. 328Hyds. 

13. See Arts. 75 and 76, and Exs. thereio. 

17 

!•*• rTTTTT^ 87428571. 
4 of I of 3 3 

15. 14|fyr8. See Art. 148. 

0. 

1. £87 10s. 

2. r)Oyds. 22 ft. 1094 in. 

3. 80. 

4. 500 francs. Sec note to Art. 170, Chain Rule. 

6. Each share is worth £75 ; No. of shares = ? ^^ a- An 

.-. whole line is worth 40,000 x £75 = £3,000,000. 

7. __=5Hp.c. 

8. £ 1 17 : £100 = 15s. 9a. : 13s. 5-r'5d. the prime cost. 

9. £l.j(>00. 

10. £21 Is.Ojgd.; £23 13s. 8^*5 d. ; £25 5s. 3Ad. Sec Ex. V.ii 

1 1. — < -i ; .*. the latter investment is the better by 
b9 94' 

10000 X (|l- i)£ = £35 5s. 2HSSd. 

,^ 2625, 13242, 1000 
1,500,000 

13. 5s. IHlSd. See Art. 157. 

1 !.• 2«775 francs. 

15. £3i7 10s. 



MISCELLANEOUS QUKSTIONS. 



1. 


J; 52^. 


2. 


590 : 1. 


3. 


6i*5 months. 


4. 


See Art. 149, and Fx- U. in 151. Ans. 13s. 


5. 


3| p. c. 


6. 


32g»gp.c. 


7. 


1 receive £3 per an. for £55^, which is £5^$ p. c, or £5 8s. Isjd* 


8. 


£43 7s. 6d. £2 17s. lOd. per cent. 


9. 


225. 


0. 


In the 3 per cents, the price ^^^^^£- £92 6s. 1 ^d. 

3^ 




„ 3i „ =£107 13s. lO^'^d. 




„ 4 „ =£123 Is. ev^d. 



n. £617 12s. llx*,d.; £308 16s.5l^d.; £123 10s. 7^VJ. 

12. Since the invoice and net prices are as 11 : 8, .'. -^ths of invoice 
price must be thrown oflF: or, per centage of discount = A x £100 ■■ 

£27 VS. 
For Ex., if the invoice price be 88s. 

rru A- 4. 27^ 300 3 

Then, discount = t^= , , - .r^ = tt* 
' 100 11x100 11 

.'. net price = A of 88s. = 64s. 

and net price : invoice price = 64 : 88 = 8 : 11. 

13. £415 10s. in Eng'* = £446 13s. 3d. in Amer*= 1985 j dollars. 

14. If £110i Amer. = £100 Eng., 3500 dollars at 4s. 6d. will give 

£712 13s.4jJ^Eng. 

15. £1 ^ 25-5 fr. X 55 flor. x 13 mks. ^ 

117fr.xllrtor. * 

60. 

1 . 37 sq. ft. 9 sup. pr. 9 sq. in. 

2. .372 „ 3 „ 9 „ 

4. 65 „ 3 „ 9 ^ 

5. 81ft. 2pr. 7 sec. th. 8 fourths. 

6. 196 a. 9pr. 4 sec. 6tb. 5 fourths. 

7. 20ift.x4ift. ^3^^^^^^tQ^^ 

9 sq. tt. 



DUODECIMALS — SQUARE ROOT. 

8. £3 6s 8iV,d. 

9. 3 s<i. ft. 42 sq. id. 

1 0. Circumrercnce » 2 length + 2 breadth = 24 ft. 4 in. 

Whole surface = height x circumference + 2 length x breadth 
= 147 sq. ft. 36]^ sq.in. 

11. 45 sq. ft. 54 sq.in. 

12. £161 8s. 

13. 63 sq.ft. 120 sq.in 



6L 



1. 83 sol. ft. 1 1 pr. 9 sec. 6 sol. in. 

2. 38 „ 9 „ 2 „ 6 ., 

3. 112 ,, 9 „ 7 „ 9 „ 

4. 6 „ 5 ff or 924 sol. in. 

5. 199 „ 5 „ 10 ,, 3 „ 

6. 2304 bricks. 

7. £531 14s. 6|d. 

8. 29 sq.ft. 6pr. 9th. 6frths. 

9. 3827 lbs. 1 oz. 5 dwts. 7*6 grs. 

10. Height X area of base = 164 x 277^ cub. in. 

.a^ 1109 , . 
Id4 x — t- cub. in. 



2218 sq. in. 

= 1 ft. 8J in. 



11. 44a. Or. 2-712p. 

12. 13 chains. 



62. 



1. 27. 5. 6\. 9. 3-25. 

2. 105. 6. 19|. 10. 14-05. 

3. 90909. 7. 35t\. 11. 6-0285, 

4. 1683. 8. UOtS. 12. -049. 

63. 

1. 1-7320, &c. 

2- 2_^t/3^1:Z???'J^=.5773,&c. 

l/a "3" 3 ' • 



SQUARE ROOT — CUBE ROOT. 



3. y' 6-249 = t/ 6-25 = 2-5. 

4 a/TT^ x/TTk J, /li^ 11-7473, &c. „^,_ ^ 
*• V 15-3 = V 1^8 == ^ -^ = ^ = 3-9157, &c. 



5. Side « • area = t/ 800 X 1 800 = y/ 144000 = 1200. 



6. Sum of areas = 225 + 625 = 850. Side = • 850 = 291547, &c. ft. 

7. Length of diagonal = t/(64)» + (48)« = l/4096 + 2304 = 80. 

8. Area of field = 602^^ sq. per. = ■ sq. per. 

270 11 



270 
.'. side of field = — — lin. pol. = 



X — lin. yds. = 135 yds. 



9. No.of8q.yds.-^15«:-Ii!L- = 12£i±:=729. 



7id. 
.*. number of yds. in side = 27. 



gsh. 



10. 



B 



C . 



Base -» AD f DC 

AD « t/AB« - BD» « t/(236-25)« - (2-4)« = 236-237 
DC = V'bC* - BD« = t/ (243-75) « - (2-4) « « 243-738. 

Whole base = 479-975. 



64. 



1. 35. 

2. 99. 

3. 187. 

4. 3201. 

5. 3i. 



6. ll^V 

7. 13f. 

8. 75i. 

9. 4-27. 
10. 65-8. 



11. 1101. 

12. -074 



or -185. 



13. 2-46, &c. 

14. 5-37, Sec. 



15. /^342-d«/5^343 = 7. 
16. 



V 15*V \b^'~~jr^ 15 



6-082 
15 



, 15' 
= -406 nearly. 



17. 24. 

18. The edge « 4^72x24x27 = i^2^ x3» x2» x3 x3« 

= /^2»x28x3«x3» = 2x2x3x3 = 36. 



19. /^94y. 14ft. 1088in. = /5/4,410,944solin. = 1641in.in. 



MISCELLANEOUS QUESTIONS. 
30. The six surfiEUies «= 6 x (edge of cube)*. 



And edge « /^ 15 sol. ft 1080 sol. in. « ^^27000 sol. in. « SOlin. in. 
•■ whole six surfaces » 6 x (2^ ft.)' 



6x^ft.-37i8q.ft. 

4 



65. a 



1. See Arts. 179, 180. 

2. See Arts. 177, 181. 

3. £9180. 

4. Cost £27 18s. Gain per cent= £40i^$. 

5. £3 18s.3f||d. 

6. ?l?i^iLjii?i!i-=. .48215^6 of an inch. 

3x1760 

7. The expressions = ^ and ^ ; the required ratio » 

8. 322 sq.ft. Isup. pr. 4.8q. in.; or 322 sq.ft. 16.«q.in, 

^' JL__ __^£-« 1 i/ 3" The latter j see Art. 194. 

10. 80- 15, and |. 

11. 43 ft. 7 pr. 6 sec. 8 sol. in. j or 43 sol. ft. 1 088 sol. in. 

12. £1 7s. Od. See Art. 151, Ex. II. 

13. £59 14s. 5id. 

14. £l=25fr. 63|f cents. 

E. 

1. 64, 81. 

2. 342 lbs. lOJoz. 

3. 2ft. llin.; 51 sq.ft. 6sq.in, 

4. 4? ; 5-46, &c. 

5. Surface = (twice length + twice breadth) x ht. + twice length x breadUi 

= 174 sq.ft. 88sq. in. 

6. 1 St surface = (15^ + 10) x 2 x 9| sq. ft. 
2nd surface = (18^ + 1 1-i^j) x 2 x I2§ sq. ft. 

Cost of 2nd surface = £8 8s. lO^Vrd. 

7. 24id. = 1 rupee. 

8. 10 i percent gain. 

9. £59 5s. 2*d. 



MISCELLANEOUS QUESTIONS. 

10. li on £150 there was lost £761, on ^ow much would £7550 be loft } 

Ans, £15000. 

11. 13 a. Ir. 4ip. 

12. Q^chaiDS. See Art. 193, Ex; 1. 

13. 5|i months. 

14. See Art. 203. 

s. 

1. £6 168. 3d. 

2. 54. 

4. Present worth == £ 150. .-. Ans. » |g x £3 » £2 for half 7ear> 

or 4 per cent per an. 

5. 5yrs. 

6. 19,^ yrs. 

7. £1500. 

8. £240 to ^, £144 to B, £216 to C. 

9. 7265|lbs. 

10. Aver, ht == 29-94 ; daUyrise=*'^® 



.'. required ratio = 



12 
79 



17964 



1 1. Area = J sq. of diagonal = J x (160)» = 12800 sq. yds. 

«2a. 2r. 23,^^ p. 

12. 1 inch of gold weighs -ps^o ^^^* (^) 
1 lb. of cork = — of 1 foot. 

... mi lbs. of cork = »^«l X » ft. = ^ X 1 inches 
1728 1728 15 3 15 

= 84,«5 sol. in. 

But -'— ^ lbs. of cork = 1 inch of gold in weight, from (A) 
l7-*o 

f . e. weight of 1 inch of gold = that of 847*5 sol. in. of cork. 

3. Vol. of cube *= (335) » sol. in. 

voL of wire = length x area of section 
= length X *561 1 25 sq. in. 
length X '561 125 sq. in. - (3*35)8 ^61, in. 
or length = 67 in. 

4. See Art 193. Req* Mult' = 45. 



1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 



NOTATION — MISCELLANEOUS QUESTIONS. 

66. 



1. 


10],01 1,001 


2. 


21. 


3. 


1,212,221. 


4. 


334,-101. 


6. 


40202. 


6. 


4666. 


13. 


187/56 




/4789 




135/n6 




li92<'80 




1007126 




6/75/0 




1526870 




1.5/67881016 


15. 


15 ft 11 in. 




7 ft. 9 in. 



7. 
& 


1,010,010,000,100. . 
31. 


9. 


220,130. 


10. 
11. 


(21021), = (196),, =(524: 
101,115. 


12. 


8548el. 




14. 456) 18763 (.^H 
1480 




3863 
3536 




326 108 
456 148' 



13*e written decimally in duodenary scale. 
7-9 
eeS 
935 



558A 

£5 17s. ll,*„d. 

51? 

£47 16s. 3d. 

£7 7s. 5Sd. 

118800. 

£1118 15s. 

31; 1. 



103-43 or 123 sq. ft. 51 sq. inches. 

Ezs. 66. A. 

18. £7 3s.4»d. 



9. 6^ hours after B's departure. 

10. 9008. 

11. 5s. 5d. 

12. 15; -3375. 

13. 14 ft. 4 in. 

14. 4200Z. 

15. iS; '66, 

16. 334 ft. 714 in. 

17. £1012 9s. 9^d. 



19. £82 3s. 4d. 

20. £1 10s. 

21. 199 yds. 1ft. 6* in. 

22. £3012 10s. 

23. ^f-§ oz. 

24. 12|p.c. 

25. 7* roods. 

26. 605. 

27. 450 ; ^024. 

28. -7736 of a day. 

29. £43 9s. 4Sg?d. 

30. £43 5s. 

31. 2. 

32. £3 17s. Ifd. 

33. £1200. 
34. 



7i; 



1% 



NOTATION — MISCELLANEOUS QUESTIONS. 



35. 


5s.6§d.; -1241419. 


74. 


1-984; 1-401; -128. 


36. 


£1491 13s. 4d. 


75. 


It; ^18- 


37. 


24-075; -00321. 


76. 


350/, 500/, 650/. 


38. 


30 cwt. 15 lbs. 


77. 


8i. 


39. 


£1 2s. 


78. 


15?. 


40. 


£4 4s. 6^«d. 


79. 


22iS. 


41. 


£7 10s. 


80. 


15d. 


42. 


4i. 


81. 


73i sq. in. 


43. 


t; -6. 


82. 


42 1 sol. in. 


44. 


£ 164 15s. lOd. 


83. 


Hh 


45. 


10 weeks. 


84. 


36; 15. 


46. 


133^ 


85. 


£106 9s. 2d. 


47. 


3| p.c. 


86. 


£603 7s. 3d. 


48. 


£5 68. 3d. ; £5 ISs. 4d. 


87. 


£1001 19s. lid. 


49. 


24. 


88. 


4^. 


50. 


£6000. 


89. 


6 years. 


51. 


£5. 


90. 


2| p.c. 


52. 


17s. 6d. 


91. 


£42 2s.5j^d. 


53. 


340. 


92. 


23^V p.c. 


54. 


A's,2000: B's,4000; C's,6Q00 93. 


3t\ p.c. 


55. 


22. 


94. 


£l4 9s.6|Sd. 


56. 


£1 19s. 6H<i. 


95. 


20| p.c. 


57. 


3 years. 


96. 


£9184 5s. 4d. 


58. 


£475 13s. 9d. 


97. 


£6544 ls.4id. 


59. 


£22 5s.6d.; £165. 


98. 


£15. 


60. 


216. 


99. 


£1250. 


61. 


44; 31. 


100. 


£250. 


62. 


26i; 551 i. 


101. 


£422 8s. 2|d. 


63. 


12600. 


10-2. 


75. 


64. 


7|f. 


103. 


361bs. 


65. 
66. 


See (46); 7700,7875,8000^64 
. - 8400 


104. 
1C5. 


Is. 4Jd.; '55. 


68. 


12 


106. 


415. 


69. 


See Art. (179). 


107. 


£l2 2s.8d. 


70. 


See Art. (176). 


108. 


10*36 miles per hour. 


71. 


See Art. (179). 


109. 


1, the greatest; t> the least. 


73. 


606-4 sq. yds. 


110. 


62iJ. 



NOTATION — MISCELLANEOUS QUESTIONS. 



III. AV». 




131. 


95. 


112. H. 




132. 


£26 1 Is. Of d. 


113. m to each. 




133. 


22josh. 


114. 375',. 




134. 


995328. 


115. 3i>0. 




135. 


£5 13s. 6a. 


116. <)ip.o. 




136. 


£13 9s. U'56d, 


117. £12.s.3T\d. 




137. 


125. 


118. 133ip.c. 




138. 


£53 13s. 6|d. 


119. 20p.c. 




139. 


40H. 


120. £3285 18s. 9d. 




140. 


£30 17s. 9^%\d, 


121. £7950. 




141. 


1 1 9 


122. £2500. 




142. 


£253 18s. l^d. 


123. -06684027. 




143. 


£61 12s. 


124. £38965 3s. f\d. 




144. 


30000. 


125. 2s. 9(i. 




145. 


£4 2s. 6d. 


126. 2i^d. 




146. 


6 mths. 10 dys. 


127. 25 p.c. 




147. 


16-40 12.. yds. 


128. 9s. 7id. 




148. 


17s. 45'Vd. 


129. £4303 15s. lOjd. 




149. 


39; 1-5885. 


130. £9 18s. lOid. 




150. 
61! 


4 chs. 40 links. 


1. ^thsof£333 6s. 8d.= 


= £323 6s. 8d 


• 


2. In 120 days; 14min 


. to 


2, 16 


min. past 2. 


3. 6s. 8d. £3333 6s. 


8d. 


£3500. £166 


4. id. 








5. 1st +2nd empty ^ in 1 min. 




(1) 


1st +3id „ J-j „ 






(2) 


2nd + 3rd „ ^ „ 






(3) 



.-. subK (2) from (1) 2nd - 3rd = jj^ - ^. (4) 
Also, from (3) 2nd + 3rd = 1,. 
Adding, twice 2nd = (^ + ^ - ^) 

= ^, or2nd==^ 
SubK (4) from (3), twice 3rd= (^-^+ ^) 

= |,, or3rd = ^ 
Andlst = 3^-2nd = ^5-^.5=or^ 
.*. first discharges ^ of 384 gal., or 2 gal. 
St'i.ond „ 10ga\. TVw^ »^\*^<i>Mv.\^^s 14 gals. 



xMISCELLANEOUS QUI-STIONS. 

6. 29H sq. ft., or 29 ft 58i m See EZ8. 61. 

7. £22 Os. lOd. 

8. If £100 come to £107 2s. 5d. (neglecting frac"), what sum wiB 

,ome to £360 lOs. Atu. £336 lOs. 8d. 

9. 7 + 1/6? ^ 7+5 ^ ^ 
6ix(3+^3|) f x{3 + g) ""^^xg"^*' 

'^- Required number=. ^^^^" ^^^' = l^iL?i= 320. 

vol. of 1 cube (3)» 

11. 291|lbs. 

12. The distance of min. hand from 12 = 12 times the distance of hout 

hand from 1. And the former dist. « 5 min. + dist of hour hand 
from l+min. in 60degr* (or 10 min.) = 15 min. + dist. of hour 
hand from I. 
.*. 12 times dist of hour hand from 1 == 15 min. + once the dist of 
hour hand from 1, 
.*. sub* once the dist of hour hand, from the two equal quan% we have 
1 1 times dist of hour hand :== 15 min. 

.*. this dist. = - — -J = I min. 21Vt sec. 
11 ^^ 

.*. dist of min. hand from 12 = 15 min. + 1 min. 21i>*T8ec. 

= 16 min. 21-^ sec. 

13. A. dwt. gn. 

A : ^924* ••• £46 12s. 6d. : £ 1 9s. 2-52675d. 

1 4. Larger circum. ~ 3 • 1 4 1 6 x 45 yds. 
Smaller „ =3-1416x40. 

Diflf* = 3-1416 X 5 = 15 yds. 2124 feet 

49 — 45 2 

15. The quantity gained in each step = — — - — yds. = — yds. 

.*. if -- yds. are gained in 1 step 

1 yd. is gained in — steps. 

1 on V 2/i 
and 100 yds. is gained in *^ ^ steps, or 1250 steps. 

16. 115 yds. £2 3s. Ud. 
17« Rate b i of a mile per mm. 

40 \ 

.', volume in feet = 30 x )5QQ x ^ x 5280 = 6,336,000 ft 
weii;ht= 176785? tons. 



MISCELLANEOUS QUESTIONS. 

18. I r it gain 3} min. per day, it wiU gain -i of d| min., t. «. 1 ^ min. is 

7| hours. 

.*. the clock must at 12 o'clock be put back 1^ minutes, i.e. the 
time shown by it must be 58} I min. past 11. 

2 1 13 

19. If-ths are done in 13 days, -th is done in -rr-dys., 

7 7 2 

91 
and all in -- or 45 i davs. 
2 ' 

5 5 

also, by both, -ths arc done in 6 days, or .— in 1 day. 

2 / 5 2 \ 

and the first does ^ in 1 day, .*. the second does (-j- — —- j tbs, 

53 545 

or •---. in 1 day, .*. the time of doing it is ---- dys., or 10^ f dys. 
516 53 

An$, 45i, lOif . 

20. If profit in half year rr £63 5s. 2d. on £189 I5s. 6d., how much 

on £100 ? Ans, £33^, or £66} per an. 

21. 168 francs, or an average of £6 98. 5*757d., &c. 

22. P^- of his rent = £553 78. 6d., .-. his rent = ?^ of £553 Ts. 6d. 
240 233 

= £570. 

23. Length ot rows x breadth between rows = whole surface, 

.-. length =Tr-^= 87120 vds. 

24. 10 days. 

25. A rate of 1 mile per minute would give 6,'j m., or 6 m. Of. 1 17 J yds. 

in 6 min. 4 sec., and the distance of 3ra. 4f. 93 yds. is short of 
that by 2 m. 4f. 24^ yds., or _th of this per minute. 

^T» Ans.Sr. 69 J « yds. 
26 ""> : 1. 

27. Wt. of coal = 2000 x 2240 x 16 oz. 

„,, - , - , , „ 2000 X 2240 x 16 oz. 

Wt of water of equal bulk = ; — 

1*12 

, 1 f*u- . /• r *\ 2000 X 2240 X 16 oz. cAruxna, 

and .*. vol. of this water (in feet) = — — -— — = 64000 ft. 

1*12 X 1000 oz. 



28. 250 marks = 250 x ?£ = ^£, 



and edge of volume = 40 feet 



2 

or the pres. worth of the £500 is - of £500. 

o 

•. the present worth of £150 is £100, 

or the interest of £100 in 4 yrs. is £50. 

.'. in 1 vr. is ]2| per cent* 



MISCELLANEOUS QUESTIONS. 

29. 2. 

30. 64 = 2* X 2 ; and 64 x 16 = 2* x 2* /.the requireil number is 16. 

31. Rate of approach to each other = 17| miles per hour, 

.*. they meet in -— ^ hours, or in 2f f hrs. , 

1/5 

Dist. from Lond. = 9^ x 2§§ m. = 27^ m- 

„ Camb.= 8 x2ff m. = 23J| m. 

32. For credit of 6 months, every £100 must be charged as £102 lOs. 

.*. the ratio of price = -a-—— = — or 40 : 41. 
^ £i02i 41 

33. 15. 

34. Diam. = JJ^ x circumf. = 1^ x 360 x 69j'2 m- = 7912^%°! miles. 

35. 20* p. c. 

36. A does JL — X or ^ per day, .*. he does it in 52 J days. 

A does more than 5 by 30 x { -^55 — sy^ )• or |th. 

37. The mean daily motion = — ^ = 59 min. 8*33, &c. seconds. 

38. The expf (when rod. to L. C, D.) = 5(6' -5')+a(6' + 6') 

360 360 , — 
'vWreiT^^^- See Art. 194. 

39. Since A + B do ^th, and A's work = | B's, 

.*. I J?'s = litth. Hence B does it in 67^ days. 

A „ 54 days. 

40. 1-14. 

■il. Gain per yd. = ' — ' = 6^d. .-. price req* = 5s. Ofd. per yd* 

Ae% T *u ^'^l- 5 cub. ft. one 4. 

42. Length « — -— = = 30 feet. 

breadth x thickness 1 ft. x i ft. 

43. Beginning at the last fi-°, I have 
' 3 ...3+_L, = 3+ '. = 3 + ll-?30l 



5| 17 \, . • 4+3 "^71 71 

*+5| T7 

2 71 

.*. whole exp" = 1 + rrT::^ = Ifft* 
^ 230 "^ 

Again, . ^ . - J: — = JL » 1^. 



MISCELLANEOUS QUESTIONS. 

44. -9486, &c 

45 1 sq. ft. 86} sq. in. 

46. 5 : 8. ' .. 

47. Rent + expenses + £625 + ^ of£6S5B£880. 

.-. selling price of each beast « £16 8s. Profit s £3 186. 

4a Vol. - 64000 sol. in., edge >» 40 in., diag. of face s= 40 1/ 2~ 

_^=«66-66,&c 

Diag. of box « 40t/3 « 69-28, &c 

49. £240 

50. Lower layer contains 7 x 6 « 42 ; next, 30; next, 20; next, 12* 

next, 6; last, 2. Total » 112. 

51. 1 nule or 1760 yds. » 160 of these units. . 

.*. 1 unit s ------ yds. » 11 yds. or 2 poles. 

Also, 12960 min. » 60 x 24 x 9 min., or 9 days. 
20160 min. » 60 x 24 x 14 min., or 14 days. 

Ans. 2 polety 1 daj, 

52. Large Area _ / 24 in. \ « _,2304 : 1. 
Small Area \ 1 in. / 

53. L.piam. _^y ......t^^^^^^^^^^^ . ^ 



i. Diam. __ . /L. Area__ . /49 _ 7 
iTDls^. V S.Area V 9 3 

54. L. Surface / 3 



... - 1296. 

S. Surface \27> 



ce V27^ 

1 = (j\ ** = 1 : 46656. 

\Q7/ 



L. Vol . 

S. Vol. \27 



55. The 24 hours clock had gone 8 h. 4 min. 

.*. time from sunset was 8 h. 34 min. ; or the sunset time will be 
found by subtracting 8 h. 34 min. from the real time. 

The real time is 4 h. 8 min. 
.*. subtracting 8 h. 34 min. from 16 h. 8 m., reckoning the time from 

the previous noon, we find the time of sunset to be 7 h. 34 m. 

56. Circumf. _ 360^ 

arc 8-58 sec. 

360 X 60 X 60 sec. ^aaa ^^ 
.'. cu-cum. = X 4000 miles. 

8*58 sec. 



and rad 



.= il^- 



3-1416 



, I 360x60x60 4000 ., noi«nftoon^ .. 
.% rad. «= J X ^^^^ X g-jjjg nules = 96,1 60,523*96, &c. m't^ 



MISCELLANEOUS QUESTIONS. 

67. In 8 seconds 1030-4 fl. 

In 9 seconds 1304*1 .-. in the ninth, 273*7 ft 

58b Diff* of tunes of oscillation, in seconds, 

q.i^irL / 39"25l^ / 3 9-2 in. \ 

= ^^**n V 386TK- V 3-fi6?l^ 1 
= 3*1 416 X '0002 nearly. 
c= -00062832 sec. 
Number of seconds lost = 86400 x *00062832 = 54*2868. 
69. If time is unaltered, and G = altered gravity, 



then a/^ - aA^:^\ 
V 32-2 V G ' 



G =5?:^' X 32*2 = 32*20082, &c. 
39*2 ' 

60. From a. d. 325 to a. d. 1848 = 1523 yrs. 

The error, if uncorrected, = 1523 x -007736 days. 

= 11*781928 days. 
The correction strikes out a day from every century which is not 

divisible by 4, hence strikes out 11 days, and leaves an error of 

*781928 days. 
Again, error if uncorrected, would in 400 years be 3*0944 days, or 

when corrected, '0944 dys. ; hence the time when the error would 

amount to 1 day would be given by this proportion. 

•0944 dys. 400 yrs. j.. 400 yrs. .oo^ o 

, , ^ = — rr •• rcq'^time^ J = 4237*3 yrs. nearly. 

• 1 day req* tmie *0944 "^ ^ 

61. 2*5752 sol. in. 

62. Vol. of cube B 1 cub. in. 

Vol, of 8 spheres = 8 x J x 3*1416 x (J) » = *5236, 

.*. space unoccupied = *4764 sol. in. 

63. No ; for the factor 7 in the den' is also contained in the num'; and 

the fraction = ^ = *15. 

64. The required ratio = 6x0^)^x30416 ^ g.j^jg . ^ 

^ 6 X (2i)« 

65. The number = O^f x lU -6ix2|)144x 11 ^ ^^^^ 

165TrV 

66. _^ , 

"^252-458x19-362 

#» fin. ^ 59 155 10 o,4,T 

s 



\. Required wt __ ^j x (5 dwts. 3^ grs.) ^ \ ^^^^j 
1 cub. in. 252-458x19-362 43*26 ^' 



MISCELLANEOUS QUESTIONS. 

eS. From 1 to 3, J and B will have put in | + 1 or j^. And at 3, when 
all are open, the rate of emptying is 1 ~ t ~ 1> or A, per hoar; 
hence time of emptying the U will be 2| hours. 

69. Quantity sold out = £10000 stock ; income produced = £350. 
NeW income = £360. And if £9350 give £360, £4 will be giva 
by £103$. iifu. £103{. 

70. i^j ox = ^ sheep 

J sheep = ^£. 

•*. JL of OX = '^ ^■»; or, 50 oxen are worth £964^. 
I 

71. Area of walk = 3*1416 | (8j)« - (4i)« } = 52 x 3-1416 feet. 



price = 



72 



52x3-1416 



d. = -44d. nearly. 



The following references to Arts, are designed to soit the Second Edition 

of the Arithmetic. 



ON FRACTIONS AND THE PRINCIPLES OF PROPORTION. 



1. 


Arts. 1, 2, 3. 






13. 


Reduced to l. c. d/ 


2. 


Arts. 10, 11. 








i + i={i=i^v 


3. 


Arts. 4, 5. 








7 3_n 

R 5 " 40* 


4. 


Arts. 7, 8 






14. 


Art. 46. 


1512 = 2x2x2 


x3> 


c 3 X 3 X 7. 


15. 


Art. 53. 


5. 


Art. 13. G. c 


;. M. 


3. 


16. 


Art. 53. 


6. 


Arts. 23, 24. 






17. 


Art 58. 


7. 


Arts. 28, 29.. 






18. 


See last Ex. in Art. 60. 


8. 


Art. 30. 






19. 


Art. 62. 


9. 


Arts. 33, 32. 








Arts. 65, 66. 4. 5 










20. 


10. 


See Fic^. 3 in 


Art. 


30. 




11. 


InfindingL. C. D 


• 


21. 


Of lesser inequality ; 


12, 


Art. 39. 
Arts. 35, 36, 


37, 


38 




of equality ; 

of greater inequality 



MISCELLANEOUS QUESTIONS. 



22 


— —s= — = 4|. 




the fr>* of half a guinea. 


28L 


7id. |8. ' 

The equality of two ratios. 




1 moid _ 279. _ 54 _ ^^ 
hf.guin. lO^s. 21 ^ 




Art. 69. 


27. 


Art. 84, Ex. IV. 


24. 


Arts. 74, 73. 


28. 


Art. 88. 


2& 


Arts. 75, 76. 


29. 


Art. 88. 


26. 


(1) Art. 77, Ex. I. 


30. 


In l^ths of an hour; or 2i h 




(2) or, Reduce a moidore to 




Art. 90, Ex. V. 



ON DECIMALS. 



16 



1. Arts. 92-^5. 

2. Art. 98(A). 

„ 99(B). 
„ 101(C). 

8. Art 92. Def. 

4. Art. 95. 

5. Art. 96. 37500. 

6. Art 96. 0001876. 

7. Arts. 97, 101. 

8. Art 101. 

9. Art 102. 

10. Arts. 104—110. 



•0016. 



343 






11. Arts. Ill, 112. 

12. Arts. 113, 114. 

13. Art. 115. -06475. 

14. Art. 121, Exs. II. and III. 
For varieties of pointing, sea 

Exs. IV. and V. 

15. Arts. U9> 123. 

16. 82-58. Art 118. 

17. Art 117, Ex. III. 
Prod. = 166-6016188. 

18. Art 124, Exs. I. II. 
Art 126. Ex. 
Construct similar Exs. 



ON PRACTICE. 



1. 


Art 64. 




5. 


Art. 129. 


2. 


10s. 6d. 




6. 


Art.- 130, Ex. VI. 


3. 


Art. 130. 




7. 


Art 130, Ex. VII. 


4. 


Art. 130, Ex. I. 

Ans, £288 15s. 


3d. 


8. 


Art 130, Ex. VIII 



MISCELLANEOnS QUESTIONS. 



ON PROPORTION. 



1. Four. 

3. Art. 132. 
a. Art 135. 

4. Art 135. 

5. 4th -?5^^ Art 135. 

1st 

6. 4th = ?B.^x3rd 

Ist 

B abstract number x 3rd. 
.*. of the same kind as 3rd. 

7. T^rn 46. 8. The term 



lOs. 6d. wiU not appear Id 
the statement. 

8. How long a floor 16 ft. broad 
will equal a floor 24 feet long 
and 24 ft. broad? 

9. In S. Prop, only three terms 
are employed. 

In C. Prop, we may have 
5, 7, 9, &c., or any odd num- 
ber of terms. 
10. Art 140. 



ON THE APPLICATIONS OP PROPORTION. 



1. Art. 141. 

2. Art 141. 

3. Art. 144. 

4. Art. 142. 

5. Art 144. 

6. (1) If £175 4s. 2d. produce 
int. £21 Os. 6d. in 3 yrs.? 
what will £100 give? 

Arts, £12, or 4 p.c. peran^ 

(2) Tf £175 Os. Od. produce 
£7 8s. 9d. in 1 year, in how 
many years will it produce 
£204 15s. Od. - £175, or 
£29 15s. 

Ans. 4 years. 

(3) If £ 1 00 in 3 yrs. at 5 p.c. 
will amount to £115, what 
sum will amount to £155 5s? 

Ans. £135. 
See Art. 146 for such ques". 



7. Art 148. 

8. Art. 149. 

9. Art 151. 

10. Art 151. 

11. Art. 151. 

12. Art 152. (G). (H). 

Ex. I. To throw off ^ths, 
I put on ^ or ^> and price 
req^ = 24s. S^^d. 

Ex. II. |ths. 

13. Art. 153. 

14. Art. 154, Exs. II. III. 

15. (1) Multiply the whole sum 
divided, by one of the shares 
of the capital, and divide by 
the whole capital. Repeat 
this process as often as there 
are divisions required. 

(2) Multiply each capital by 
its time} consider these pro* 



MISCELLANEOUS QUESTIONS. 



ducts as the respective capi- 
tals, and their sum as the 
whole capital: then proceed 
a8in(1). 

6. Art. 158. 

7. Art 167. 

8. Art 159. 

9. (1) If £88 will buy £100 
stock, how much must be 
given for £2520 stock ^ 

(2) If£96i produce £3 intS 



what will £100 produce ? 
(3) If£]04|wmbuy£100 
stock, how much can be 
bought for £1450? 

20. Arts. 166, 167. 

21. Art 170. 

22. Arts. 168, 169. 

23. Note to Art 170. 

24. Arts. 163—165. 

25. Art. 202, Ex. II. 



AREA AND VOLUME. 



1. Arts. 171, 172. 

2. Arts. 171, 172. 

3. Art 177. 

4. Art 180. 

5. Arts. 177, 182.1 



6. Art. 179. 

7. Art 182. 

8. 9. Art 183. 

10. Art 185. 

11. Art. 174. 



EXTRACTION OP ROOTS. 



L Art 186. 

2. The fifth root of 18, or that 
number which when multi- 
plied bj itself four times will 
make 18. 

3. Art 187. 

4. Art 187 

5. Art 188. 

6. Art 189. 

7. Art 193. 5. 75. 

8. Art. 189. 



9. Art. 190. 

10. Arts. 191, 192. 

11. Art 188. 

12. Art 193. 

13. Arts. 195, 196. 

14. Art 198. 



15. t/576 = t/400 + 160 + 16 

= 20 + 4. 



i^l7^=/^1000 + 600 + 120+8 

= 10 + 2. 



ERRATA. 

H. 10 For " thousandths," read " tenths of thousandths.' 

51. 2. Read £377 7s. 2d. 

67. 54 Change the places of L . and S. in hoth lines. 
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